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THE TRANSISTOR AND DIODE DATA BOOK 


Since 1954, when Texas Instruments introduced the first silicon transistor to the marketplace, and tater with the invention of 
the integrated circuit, T!] has been pre-eminent in the semiconductor industry. 


New semiconductor products are introduced almost daily; new applications for semiconductor products are being found or 
comtempiated at an ever-increasing rate, especially in the consumer and automotive fields. !t is a difficult task for the 
equipment design engineer to stay abreast of all of the discrete and integrated-circuit products available to him in his efforts 
to choose the best device at the optimum cost effectiveness. It is the aim of Texas Instruments to provide the design engineer 
with the maximum amount of accurate product data organized in such a manner that the pertinent data may be located in 
the least amount of time. 


Due to the amount of data involved, it would be inconvenient to present Tl’s complete line of standard discrete products ina 
single volume. Tl’s broad line of power products are described in The Power Semiconductor Data Book for Design Engineers, 
First Edition (CC-404); optoelectronic products are presented in 7he Optoelectronics Data Book for Design Engineers, First 
Edition (CC-405). For ease of reference, all current devices listed in those two volumes are contained in the Type Number 
Index (Section O) herein. This 1248-page volume is designed to complement those two volumes and essentially complete the 
current description of T1‘s line of discrete semiconductors by adding all low-power silicon transistors and diodes. (Generally, 
‘Now-power”’ denotes free-air power dissipation of one watt or less.) 


This volume contains over 800 silicon transistor types (grown-junction, multijunction, unijunction, and field-effect 
transistors) and over 500 silicon diode types (switching, rectifying, voltage-regulating, voltage-variable-capacitance, and 
general purpose diodes as weil as muitielement diode arrays and matrices), over 150 of which are being announced for the 
first time. 


Although this volume offers specification and interchangeability data only for low-power silicon transistors and diodes, 
complete technical information for all Tl semiconductor products is available from your nearest TI field-sales office, local 
authorized T| distributor, or by writing direct to: Marketing and Information Services, Texas Instruments Incorporated, 
P.O. Box 5012, Dallas, Texas 75222. 


We hope that you will find The Transistor and Diode Data Book for Design Engineers a useful addition to your technical 
library. 
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INS234A ww ww 10-56 IN6251 .. . . . 10-56 2N340, 2. 7 1 ww 418 
ING234B 2... (10-56 INS251A www. 10-56 2N341 sone ew 415 
1N5235.. . . . . 10-56 INS251B  . . . . «(10-56 2N3420 . «418 
IN5S235A 1... 10-56 IN5252... . . . 10-56 Q2N3430 «2 ww ww 418 
INS235B 6. ww 10-56 IN5252A «ww. 10-56 2N389 +... . =. POWER 
IN5236 . 2... 10-56 INS2628 .... 10-56 2N424 =... . . POWER 
IN5236A . . . . (10-56 IN5253. . 1... 10-56 2N478 6 www 
IN6G236B «www 10-66 IN5263A . . . . 10-56 2N479 7 www 
1N5237. . . «ww 10-66 IN5263B  . . . . 10-56 2N4800 ..... * 
IN5237A ww ww 10-56 IN5254 . 2. . . 10-56 2N489 . . . . . 4-20 
1N5237B8 . . . . 10-86 IN5S254A . . . . 10-56 2N489A .. . . . 4-20 
IN6238 . . . . . 10-66 1N5254B . . . . 10-56 2N489B ..... 420 
IN5238A ww ww 10-56 1N5255 . . . . . 10-56 2N4900. «. . . . 4-20 
IN65238B «ww. 10-86 IN5S255A .. . . 10-56 2N490A .... . 420 
IN56239 . . 1. 10-66 INS52668 ... . 10-56 2N490B .... . 4-20 
INS2398A . . . .  10-66 IN5266 ... . . 10-56 2N49t 1 ww. . 420 
IN6230B ww ww 10-86 IN5256A 2... (10-56 2N491A . . 2. . 420 
IN5240 2... 1. 10-56 INS266B8 . . . . 10-56 2N491B .. . . . 4-20 


*Not shown in this data book but still available from Texes instruments. 
OPTO— Refer to The Optoelectronics Data Book for Design Engineers, First Edition (CC-405). 
POWER-— Refer to The Power Semiconductor Data Book for Design Engineers, First Edition (CC-404). 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX S012 + DALLAS, TEXAS 75222 


TYPE NUMBER INDEX 


TYPE NO. SEC.-PAGE TYPE NO. SEC.-PAGE TYPE NO. SEC.-PAGE 
2N492, . . . . . 420 2N1048B . . . . POWER 2N1721. . . . . . POWER 
0] 2N492A .. . . . 420 2N1049 . . . . . POWER 2N1722 . . .. . POWER 
2N492B ..... 420 2N1049A . . . . POWER 2N1722A . . . . POWER 
2N493 . «ww. 04-20 2N1049B .... POWER 2N1723. . . . . . POWER 
2N493A .... . 420 2N1050 .... . POWER 2N1724 .. . . . POWER 
2N493B ..... 420 2N1050A ... . POWER 2N1724A ... . POWER 
2N497, . . . . . POWER 2N1050B ... . POWER 2N1725 . . .. . POWER 
2N498 . ... =. POWER 2N1131 . 2... 461 2N1889 . . . . . 477 
2N541 Fh ee ee ae Q2N1132, 2... . 461 2N1890 . . . . . 477 
2N542) aoe, ee oF 2N1149 . 1... . 463 2N1893... . . . 4-77 
2N543 ...2.2. ~* 2N1150 .... . 463 2N1936 .... . POWER 
2N656 .... . POWER 2N1157 . ww. . 463 2N1937 . . . . . POWER 
2N657. . «. . . . POWER 2N1152.... 2. 2. 463 2N1973. . . . 2 1 479 
2N696 . . . . . 423 2N1153 . . «463 2N1974 . 2... . 479 
2N697, . 7... 423 2N1154 . . . 1 3 4-65 2N1975 . . . . . 4-79 
2N69gB 5 ww ww 425 2N1155 . . . . . 465 2N2060 ..... 481 
2N699 ... . . 425 2N1156 .... . 4-65 2N2102 .. . . . 4-83 
2N717, «ww es 427 2N1276 . 1... * 2N2102A .. . . 483 
2N718 . . 1... 427 QNAZT? en ea * 2N2150 .... . POWER 
QN718A . . 1... 427 2N1278 . 1... * 2N2151. . . . . POWER 
2N719 «ww. 431 2N1279. «ww. * 2N2160 .. . . . 486 
2N719A .... . 431 2N1420 ..... 468 2N2192...... 488 
2N720, «ww ww 4931 2N1507 . . . . . 468 2N2192A . . . . 488 
2N720A .. . . . 431 2N1566 ... . 4-70 2N2193 . 2... . 488 
2N721 see ee 434 2N1586 ..... * 2N21938A . . . . 488 
2N722, . «ww. 434 2N1587 ..... * 2N2194 . . . . . 4-88 
2N730... . . . 4:36 2N1688 . . ww. * 2N2194A . . . . 4-88 
2N731 wee 436 2N1s8g9 2 6 ww. 2N2217 . . . . . 493 
2N8490 . «438 2N1690 ..... * QN2218 2... . 493 
2N850, 7 www. 438 2N1691 ..... * 2N2218A 5 ww. 4-93 
2N851 vee ee 4-40 2N1592...... * 2N2219. . . . . 493 
2N852. «www. 4-40 2N1593 .. . 2. * 2N22198 . .. . 493 
2N870. «ww ww 442 2N1694 2... . * 2N2220 ...2.~. 4-93 
2N871 oes cen ARMS 2N1595 . . .. . POWER 2N2221 .. .. . 493 
2N910, «ww ww 444 2N1596 .. .. . POWER 2N2221A . . . . 4-93 
2N911 soe ee 444 2N1597 . . . . . POWER 2N2222... . . . 4-93 
2N912. . « «1 444 2N1598 .... . POWER 2N2222A . . . . 493 
2N917, ww ww. 446 2N1599 . . . . . POWER 2N2223, . 2... 4-106 
2ng18 «ww we 448 2N1613.. . . . . 4-71 2N2223A . . . . 4105 
2N929. .«. . . . «4-52 2N1671 . . . 2. 473 2N2243. =... . . . 4-107 
2N9300 . . . . . 4-52 2N1671A «ww. 478 2N2243A  . .. . 4-107 
2N956 .... . 4-54 2N1671B) . «ww 473 2N2270 . 2... 4-112 
2N997 . «ww. 456 2N1711 6 ww. . 478 2N2303 .... . 4114 
2no9g8 ww www 4-57 2N1714 . . . . . POWER 2N2386 .... . 4-116 
2ng99. =. «ww. 4-59 2N1715 . . . . . POWER 2N2386A ... . 4-116 
2N1047. . . . . . POWER 2N1716 =. . . . . POWER 2N2387. . . . . . 4117 
2N1047A ... . POWER 2N1717. =... . . POWER 2N2388 . . .. . 4-117 
2N1047B ... . POWER 2N1718 . . . . . POWER 2N2389 . . . . . 4119 
2N1048 . . . . . POWER 2N1719 . . . . . POWER 2N2390 .... . 41419 
2N1048A . . . . POWER 2N1720 . . . . . POWER 2N2393. . . . . . 4121 


*Not shown in this data book but still available from Texas Instruments. 
POWER-— Refer to The Power Semiconductor Data Book for Design Engineers, First Edition (CC-404). 


A SE PS SO 7S TS SE 


0-4 TEXAS INSTRU MENTS 


| INCORPORATE 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPE NO. 
2N2394 
2N2395 
2N2396 
2N2432 
2N2432A 
2N2453 
2N2483 
2N2484 
2N2497 
2N2498 
2N2499 
2N2500 
2N2537 
2N2538 
2N2539 
2N2540 
2N2586 
2N2604 
2N2605 
2N2608 
2N2609 
2N2639 
2N2640 
2N2641 
2N2642 
2N2643 
2N2644 
2N2646 
2N2647 
2N2802 
2N2803 
2N2804 
2N2805 
2N2806 
2N2807 
2N2880 
2N2894 
2N2904 . 
2N2904A 
2N2905 
2N2905A 
2N2906 . 
2N2906A 
2N2907 . 
2N2907A 
2N2913 
2N2914 
2N2915 
2N2915A 
2N2916 


POWE R-Refer to The Power Semiconductor Data Book for Design Engineers, First Edition (CC-404). 


SEC.-PAGE 


4-121 
4-123 
4-123 
4-125 
4-125 
4-127 
4-129 
4-129 
4-131 
4-131 
4-131 
4-131 
4-132 
4-132 
4-132 
4-132 
4-136 
4-138 
4-138 
4-142 
4-142 
4-143 
4-143 
4-143 
4-143 
4-143 
4-143 
4-145 
4-145 
4-147 
4-147 
4-147 
4-147 
4-147 
4-147 
POWER 
4-149 
4-154 
4-151 
4-151 
4-151 
4-151 
4-151 
4-151 
4-151 
4-163 
4-163 
4-163 
4-163 
4-163 


TYPE NO. 


2N2916A 
2N2917 
2N2918 
2N2919 
2N2919A 
2N2920 
2N2920A 
2N2944 


2N2944A 


2N2945 
2N2945A 
2N2946 


2N2946A 


2N2972 
2N2973 
2N2974 
2N2975 
2N2976 
2N2977 
2N2978 
2N2979 
2N2987 
2N2988 
2N2989 
2N2990 
2N2991 
2N2992 
2N2993 
2N2994 
2N3001 
2N3002 
2N3003 
2N3004 
2N3005 
2N3006 
2N3007 
2N3008 
2N3012 
2N3015 
2N3021 
2N3022 
2N3023 
2N3024 
2N3025 
2N3026 
2N3036 
2N3037 
2N3038 
2N3039 
2N3040 


TEXAS INSTRUMENTS 


SEC.PAGE 


4-163 
4-163 
4-163 
4-163 
4-163 
4-163 
4-163 
4-167 
4-167 
4-167 
4-167 
4-167 
4-167 
4-169 
4-169 
4-169 
4-169 
4-169 
4-169 
4-169 
4-169 
POWER 
POWER 
POWER 
POWER 
POWER 
POWER 
POWER 
POWER 
POWER 
POWER 
POWER 
POWER 
POWER 
POWER 
POWER 
POWER 
4-173 
4-175 
POWER 
POWER 
POWER 
POWER 
POWER 
POWER 
4.177 
4-179 
4-179 
4-181 
4-181 


INCORPORATED 


POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPE NUMBER INDEX 


TYPE NO. 
2N3043 
2N3044 
2N3045 
2N3046 
2N3047 
2N3048 
2N3049 
2N3050 
2N3051 
2N3052 
2N3053 
2N3055 
2N3114 
2N3117 
2N3244 
2N3245 
2N3250 . 
2N3250A 
2N3251 
2N3251A 
2N3252 
2N3253 
2N3263 
2N3264 
2N3265 
2N3266 
2N3329 
2N3330 
2N3331 
2N3332 
2N3347 
2N3348 
2N3349 
2N3350 
2N3351 
2N3352 
2N3418 
2N3419 
2N3420 
2N3421 
2N3439 
2N3440 
2N3444 
2N3458 
2N3459 
2N3460 
2N3467 
2N3468 
2N3485_ —. 
2N3485A 


SEC.PAGE 


4-183 
4-183 
4-183 
4-183 
4-183 
4-183 
4-185 
4-185 
4-185 
4-187 
4-189 
POWER 
4-190 
4-192 
4-194 
4-194 
4-199 
4-199 
4-199 
4-199 
4-201 
4-201 
POWER 
POWER 
POWER 
POWER 
4-203 
4-203 
4-203 
4-203 
4-204 
4-204 
4-204 
4-204 
4-204 
4-204 
POWER 
POWER 
POWER 
POWER 
POWER 
POWER 
4-208 
4-210 
4-210 - 
4-210 
4-212 
4-212 
4-215 
4-215 


0-5 


TYPE NUMBER INDEX 


TYPE NO. SEC.-PAGE TYPE NO. SEC.PAGE TYPE NO. SEC.PAGE 
2N3486 . . . . . 4215 2N3790 ..... POWER 2N4005 .. . . . POWER 

0| 2N3486A «ww. 4-218 2N3791 . . . . . POWER 2N4013 w 2 ww. 4-302 
2N3494 2. 2 1. 4-217 2N3792.. . . . . POWER 2N4014 . ww. 4-302 
2N3495 .. . . . 4217 2N3798 . . . . . 4265 2N4026 .... . 4-305 
2N3496 . . . . . 4-217 2N3799 . . . . . 4265 2N4027.. . . . . 44305 
2N3497, 2... . (4217 2N3806 .. .. . 4-267 2N4028 ... . . 4305 
2N3502... . . . 4-223 2N3807_ ... . . 4-267 2N4029. . . . . 4306 
2N3503 . . . . . 4223 2N3808 .... . 4-267 2N40380 . . . . . 4305 
2N3604 . 2... 4223 2N3808. . . . . 4-267 2N4031 . 2... 4305 
2N3605 ..... 4223 2N3810 . . . . . 4-267 2N4032... . . . 4305 
2N3651 . . . . . POWER 2N3811 2... =. 4-267 2N4033. . . . . . 4-305 
2N3552. . .'. . . POWER 2N3819 . . .. . 4270 2N4068 ... . . 4311 
2N3654 . . . . . 4229 2N3820 ..... 4271 2N4089 . . . . . 4-311 
2N3870 2 2... 4-233 2N3821 ..... 4-272 2N4060... . . 4311 
2N3571 . . . . . 4233 2N3822..... . 4272 2N4061 2... 2. . 4311 
2N3672 2. 2. we 4-233 2N3823. . . . . . 4272 2N4062 . «ww. 4314 
2N3676 . . . . . 4-237 2N3824 .... . 4272 2N4091 . . . . . 4-313 
2N3683 ... . . POWER 2N3829 .. 1... 4-278 2N4092... . . . 4-313 
2N3584 .... . POWER 2N3838 .... . 4-280 2N4093. . . 2 2. 4-313 
2N3585 .... =. POWER 2N3846 .. . . . POWER 2N4104 . . . . . 4-316 
2N3634 ... . . 4239 2N3847.. . . . . POWER 2N4123. 2 ww... 4-318 
2N3635 .. . . . 4-239 2N3902 .... . POWER 2N4124 2... 1. 4318 
2N3636 . 2. . . 4239 2N3903...... 4-283 2N41256 2. 2 1. 4321 
2N3637. .. . . . . 44-239 2N3904..... 4-283 2N4126 . . . . . 4321 
2N3680 ..... 4248 2N3905 .... . 4286 2N4138 .. . . . 4324 
2N3702.. . . . . 4250 2N3906 .. ... 4-286 2N4220. .. . . . 4326 
2N3703. ... =. 4250 2N3909 ... - . 4-289 2N42200A . . w 7 4-326 
2N3704 . . . . . 4-252 2N3909A . . . . 4-289 2N4221 .. . . . 4326 
2N3705 .... . 4-252 2N3962 . . . . . 4290 2N4221A «ww. 4-326 
2N3706 =. «2. . 4252 2N3963 . . . . . 4280 2N4222.. . . . . 4-326 
2N3707. . . . . . 4254 2N3964.. . . . 4290 2N4222A . . . . 4326 
2N3708 . . . . . 4254 2N3965 .... . 4290 2N4223. . . . . . 4328 
2N3709 . . . . . 4254 2N3966 .... . 4293 2N4224 .. . . . 4328 
2N3710 . . . . . 4-254 2N3970..... 4-295 2N4240 .... =. POWER 
2N3711 . « . . « 4254 2N3971 . . . . . 4295 2N4252... 2... 4-332 
2N3713. . . . . POWER 2N3972.. . . . . 4295 2N4253 . . 2 . . 4332 
2N3714 . . . . . POWER 2N3980 .. . . . 4298 2N4260.. . . . 4333 
2N3715 ..... POWER 2N3993 . . . . . 4300 2N4261 . . . . . 4333 
2N3716 . . .. . POWER 2N3993A . . . . 4300 2N4300 .... . POWER 
2N3719 . . . . . POWER 2N3994..... 4-300 2N4301 . . . . . POWER 
2N3720 . . . . . POWER 2N3994A . . . . 4300 2N4391 . . . . . 4337 
2N3724 . . 1. . 4-256 2N3996 .. . . . POWER 2N4392.. . . . . 4337 
2N3724A «ww. 4256 2N3997 . . . . . POWER 2N4393 .. . . . 4337 
2N3725 2... . 4-256 2N3998 . . . . . POWER 2N4398 . 2. . . POWER 
2N3725Q . . . . 4-256 2N3999 .... . POWER 2N4399 . . . . . POWER 
2N3734 . . . . . 4-262 2N4000 . . . . . POWER 2N4402.. . . . . 4-340 
2N3735 . . . . . 4-262 2N4001 .... =. POWER 2N4403 . . . . . 4-340 
2N3771 =... . . POWER 2N4002.. . . . . POWER 2N4409. .. . . . . 4-343 
2N3772, . . . « . POWER 2N4003 . . . . . POWER 2N4410 . . . . . 4343 
2N3789 ... . . POWER 2N4004 ... . . POWER 2N4416 . 2... 4345 

POWE R—Refer to The Power Semiconductor Data Book for Design Engineers, First Edition (CC-404). 
06 TEXAS INSTRUMENTS 
INCORPORATED 


POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


2N4892 
2N4893 
2N4894 
2N4901 
2N4902 
2N4903 
2N4904 
2N4905 
2N4906 
2N4913 
2N4914 
2N4915 
2N4947 
2N4948 
2N4949 
2N4996 
2N4997 
2N4998 
2N4999 


POWE R—Refer to The Power Semiconductor Data Book for Design Engineers, First Edition (CC-404). 


Sa ES LS I a I IE TO TI ES I I a I DEE SS ETD 


SEC.-PAGE 


4-345 
4348 


TYPE NO. SEC.PAGE 
2N5047. 2... 4-365 
2N5058 ..... 4-367 
2N5059 . . . 4-367 
2N5060 ..... POWER 
2N5061 . . - POWER 
2NS062..... POWER 
2N5063 . . . POWER 
2N5064. 2. POWER 
2N5067.. . 2 . POWER 
2N5068 .. 1... POWER 
2N5069 . ww POWER 
2N5086 .. . 4-371 
2N5087 . . . - 4371 
2NS147, 2... we POWER 
2N5148 2. ww POWER 
2NS149. 2... POWER 
2N5150 ... .. POWER 
2N5151 . . . . . POWER 
2N5152,..... POWER 
2N5163  . . . . . POWER 
2N5154  . 2... POWER 
2N5157. . 2. . . POWER 
2N5209 . ww we 4-375 
2N5210 2 2 wk 4-375 
2NS219 2. 2 ww 4377 
2N5220 . . . . . 4379 
2N5221 2. 2 ww. 4-381 
2N5222....2.~. 4-383 
2N5223. 2. ww. tt 4-385 
2N5225. 7... 4-387 
2N5226 . 2. 2. 4389 
2N8227, 2. 2... 4-391 
2NS241 . 2... POWER 
2N5245 2... 4-393 
2N5246 . . . . . 4-393 
2N5247 2... 4-393 
2N5248..... . 4396 
2NS301 . 2... POWER 
2N5302.. . . . . POWER 
2N5303. . . . . POWER 
2N5332.. =... . 4397 
2N5333. =. . . . . POWER 
2NS358 . 2... 4-400 
2N5359 . . . . . 4400 
2N5360..... 4-400 
2N5361 2 2. 4-400 
2NS362.....~. 4400 
2N5363....2.2. 4-400 
2N5364 . 0... 4-400 
2N5384 . . POWER 


TEXAS, INSTRUM ENTS 


NCORPORATE 
POST OFFICE BOX $012 ¢ DALLAS, TEXAS 75222 


TYPE NUMBER INDEX 


2N5448 
2N5449 
2N5450 
2N5451 
2N5460 
2N5461 
2N5462 
2N5525 
2N5526 
2N5545 
2N5546 
2N5547 
2N5549 
2N5550 
2N5551 
2N5671 
2N5672 
2N5683 
2N5684 
2N5685 
2N5686 
2N5758 
2N5759 
2N5760 
2N5867 
2N5868 
2N5869 
2N5870 
2N5871 
2N5872 
2N5873 
2N5874 
2N5875 
2N5876 
2N5877 
2N5878 
2N5879 
2N5880 


SEC.-PAGE 


POWER 
POWER 
POWER 


0-7 


TYPE NUMBER INDEX 


TYPE NO. SEC.-PAGE TYPE NO. SEC.-PAGE TYPE NO. SEC.PAGE 
2ns881 .. .. =. POWER 3N35 . 2.2... 4-446 AST2604 ... . 4140 
| 2N5882  ... . . POWER 3N74 2.2... .- 4447 AST2605 ... . 4-140 
2N5883 . . . . . POWER 3N75.. 2... . 4-447 AST2907 . . . . 4-160 
2nses4 .... . POWER 3N76 ..... . 4447 A5T3391 . . . . 4206 
2N5885 ... .. POWER 3N77....... 4447 AST3391A . . . . 4-206 
2nss86 . . . . . POWER 3N78.. 1... . 4447 AST3392. . . . . 4206 
2N5938 ... . . POWER 3N79... ~~... 4447 AS5ST3496 «= ww £4220 
2N5939 . . . . . POWER 3N108 «ww. . 4-450 AST3497. «ww. 4220 
2N5940. . . . . POWER 3N109 . . . . . 4450 A5T3504 .. . . 4-226 
2ns949. . . . . . 4-429 SNI10. ww we 4-450 AST3505  . . . . 4226 
2N5950 .... . 4-429 SN1714 . « . . . 4-450 AST3565 ... . 4231 
2N5951 ..... 4429 3N128 . ... . 4452 A5T3571 www. 4-235 
2N5952.. . . . . 4429 3N153 . «ww. 4454 AS5T3572. . . . . 4-235 
2N5953. . 2... 4429 3N155 «ww. . 4-456 AST3638  . . . . 4242 
2N6G116 . 1... 4433 3NI55SA .... . 4-456 AST3638A .. . . 4242 
QNG117 «ww. 4-433 3N156 ..... 4-456 A5T3644 . . . . 4-245 
2N6118 . «ww. 4-433 3NI56A .. . . . 4-456 AS5T3645 . . . . 4245 
2N6127, «5... . POWER 3N157 «2 ww. 4456 AST3707 . . . . 4-254 
2N6128 . . . . . POWER 3NI57A . . . . . 4-456 A5T3708 .. . . 4-254 
2N6270 . . . . . POWER 3N158 . . . . . 4456 AS5T3709 . . . . «4-254 
2N6271 . . . . . POWER 3NI58A .... . 4-456 A5T3710 . . . . 4254 
2N6272.. . . . . POWER 3N160 ..... 4460 AST3711 . . . . 4-254 
2N6G273 «. . . . . POWER SN1G1  . wwe 4-462 AST3821 2 ww. 4275 
2N6322 .... =. POWER SN1630 ....-.- 4-464 AS5T3822. . . . . 4275 
2N6323. . . . . . POWER 3N164 .... . 4-464 AST3823. . . . . 4-275 
2N6324 .... =. POWER 3N169 . . - 4-467 AST3824 ... . 4-275 
2N6325 ..... POWER 3N170, ....- 4467 AS5T3903 . . . . 4-283 
2NG326. . . . =. POWER 3N171 we ee 4467 A5T3904 .. . . 4-283 
2N6327. . . . . . POWER 3N174 . 2. ee 4-469 AST3905  . . . . 4-286 
2N6328 .... . POWER 3N201 - 2 ss 4471 A5T3906 . . . . 4-286 
2N6329 . . . . . POWER 3N202....-... 4-471 AST4026 ... . 4308 
2N6330°... =. =. POWER 3N203 .. . 4471 AST4027. . . . . +4308 
2N6331 . . . . . POWER 3N204 =... 4476 asT40z28 ... . 4308 
2N6332.. . . . . POWER 3N205 ..... 4476 A5T4029 . . . . «4-308 
2N6333. . . =. . . POWER 3N206 ...-..- 4476 A5T4058  .. . . 4311 
2N6334 ... .. POWER 3N207 ..... 4484 AS5T4059 . . . . 4-311 
2N6335 .... . POWER , 3N208 ..... 4-486 AST4060 ... . 4311 
2N6336. . . . . POWER 3N211 see es 4-488 AstT4061 2 ww. 4311 
2N6337 . . . . . POWER 3N212 .... . 4488 A5T4062 . . ww 4311 
2ne449.. 2... 4-437 3N213. . . . . «4-488 A5T4123. 2 ww. 4318 
2N6450 . . . . . 4-437 3N214 ..... 3-495 A5T4124 .. . . 4318 
2N6451.. . . . 4441 3N215 . . . . . 4-498 A5T4125 . . . . 4-321 
2NG452, 0... 4441 3N216 . . «4-495 AST4126 . . . . 4321 
2N6453.. «wf. 4441 3N217. «2... 4-495 AST4248 . . . . 4-330 
2NG454... 7... 444 A5T404. . 2 2 2. 417 A5T424a9.—«i«w:s~«w «fw Cw 4-380 
2N6461 . . . . . 4-443 AST404A . . . . 417 AST4250 . . . . 4-330 
2N6462... . . . . 4443 AST2192. .... 491 AST4260 . . . . 4-335 
2NG4G3. iw wwe Ce 4-443 AS5T2193 . ... 491 AST4261 . 2. . 4-335 
2NG464 .... . 4443 AST2222. .. . . 4-101 A5T4402. . . . . 4340 
3N34...... . 4445 AS5T2243. . . . . 24110 A5T4403. . . . . 4-340 


POWER - Refer to The Power Semiconductor Data Book for Design Engineers, First Edition (CC-404). 
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AS5T4410 . . . . 4343 A8T4027. . . . . 4308 TIGR ce. ede * 
ASTS5058B ww ww 4-369 A8T4028 ... . 4308 T1482 ~ 6 eG Seen oF 
ASTS5059 . . . «4-369 A8T4029. . . . «4-308 TI4S3! sei ea, 
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AST5401 . . . . 4414 D2T2908 .... 4154 SERIES ... . POWER 
AST5460 . . . . 4420 D2T2905A . . . . 4154 TICSERIES ... POWER 
AST5S461 . . . . 4-420 GI28 ae a et - 10-64 T1D17 see es 10-72 
ASTS462. . . . . 4420 G130...... . 1066 TIDI8 5 ww... 10-72 
AST5550 ... . 4427 H14,. ©. 2. . . OPTO TID19 soe ee . 10-72 
AST5551 . . . . 4-427 LK OPTO TID2O | 2. 2. 10-72 
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AST6117) ww 2. 4435 H60 ...... OPTO TID2Z2A . . . . . 10-76 
AST6118. 2... 4-435 MBE soa OPTO TID23A . . . . . 10-76 
AST6449. . ww. 4-439 H62.. 2... . OPTO TIDM4A 2... . 10-76 
AS5T6450 .. . . 4439 is4o0 . iw iw slg OPTO TID2Z5A . . . . . 10-76 
A6T5222. . . . . 4383 Ls600 w Sw. . OOPTO TID26A . . 2 . . 10-76 
A7T3391  . . . . 4206 Q2T2222. .. . . 4103 TID29A ... . . 1076 
A7TT3391A .. . . 4206 Q2T2905 .... 4157 TIDZSOA . . . . . «10-76 
A7T3392. . . . . 4206 Q2T3244 .... 4197 TID31 » + ee» 10-82 
A7TTS172, . 2. . 4373 Q2T3726 .... 4-260 TIDBZ ww ww 1082 
A7T6027. 5 7. «4-431 TGV8 2 1... 14 TID33 eee es 1082 
A7T6028 . . . . 4-431 TI64 ww we. 1068 TID34 see es 10-83 
A8T404...... 417 TNS. Bio ae 10-68 TID35 8... «1082 
A8T404A . 2. . 417 TIS 2.1. wwe 10-68 TID36 soe eee 10-82 
A8T3391 . . . . 4-206 THBA ee ok 10-68 TID37 =. ww. 10-82 
A8T3391A ... . 4-206 TIS5 wee 10-68 TID38 see ee 10-83 
A8T3392. . . . . 4206 TI6 ee 10-68 TID39 lw w/w. 10-83 
A8T3702. . . . . 4-250 TI87 2 ww ww. 1068 T4022... (10-85 
A8T3703 . . . . 4250 Ti8 2 ww. 10-68 TiID41 eee es 10-85 
A8T3704 . . . . 4-252 Tig 2... . 10-68 TID420 2... . 10-85 
A8T3705 «=... «4-252 TBO 2, io ees 10-68 TID48 ww ww. 1085 
A8T3706 . . . . 4252 T1771. ww... 10-69 TID4 «ww. . «10-85 
A8T3707 . . . . 4-254 T7202 ww we. 1069 TID46 . ... . 10-86 
A8T3708 . . . . 4-254 TI «ww 10-69 TID121- . 2... . 10-76 
A8T37098 . .. . 4254 THA we ee 10-69 TID122). . . . . 10-76 
A8T3710 . . . . 4-254 TIS iis Sat ee 10-69 TID123) . . . . . 10-76 
A8T3711 4-254 TI145A SERIES . . POWER TID124 . . . . . 10-76 


OPTO— Refer to The Optoelectronics Data Book for Design Engineers, First Edition (CC-405). 
POWER-— Refer to The Power Semiconductor Data Book for Design Engineers, First Edition (CC-404). 
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OPTO—Refer to The Optoelectronics Data Book for Design Engineers, First Edition (CC-405). 
POWER-—Refer to The Power Semiconductor Data Book for Design Engineers, First Edition (CC-404). 
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GENERAL 


IE LE A a PT A 
GLOSSARY 
Introduction 


This glossary contains letter symbols, abbreviations, terms, and definitions commonly used with semiconductor devices, 
Most of the information was obtained from JEDEC Publication No. 77. That document has over-riding authority where 
any conflict may occur. 


GENERAL 
Terms and Definitions 
Term Definition 
anode... ... 1... 1 1 + +.) The electrode from which the forward current flows within the 
device, 
anode =} cathode —— forward current 
bipolar transistor . 2. 2... 2 . 1. . . . A transistor that utitizes charge carriers of both polarities, 
breakdown . . 2... . . . 2... . A phenomenon occuring in a reverse-biased semiconductor 


junction, the initiation of which is observed as a transition from a 
region of high small-signal resistance to a region of substantially 
lower small-signal resistance for an increasing magnitude of 
reverse current. 


breakdown region... . . ~~... . . A region of the volt-ampere characteristic beyond the initiation 
of breakdown for an increasing magnitude of reverse current. 


breakdown voltage... . . . . .. . . . The voltage measured at a specified current in a breakdown 
region, (Ref MIL-S-19500D Par. 20.3) 


blocking . 2 2. 2... 1... )~6A State of a semiconductor device or junction which essentially 
prevents the flow of current. 


cathode... ... 2... 1... . . «The electrode to which the forward current flows within the 
device, For diagram, see ‘‘anode’’. 


electrode... .......4.4.+... . An electrical and mechanical contact to a region of a semi- 
conductor device. 


forwardbias. . . ...... 2... .. .. The bias which tends to produce current flow in the forward 
direction. 
ph —’ current flow 
forward direction sone ee ee we ew «© The direction of current flow which results when the p-type 


semiconductor region is at a positive potential relative to the 
n-type region. (Ref IEEE 253) 


Open-circuit . 2... wee) UA Circuit in which halving the magnitude of the terminating 
impedance does not produce a change in the parameter being 
measured greater than the required accuracy of the measurement. 
(Ref MIL-S-19500D Par. 20.8) 


rectifying junction. . 2. 2. . 2... . . A junction in a semiconductor device which exhibits asym- 
metrical conductance, 
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Term 
reverse bias 


reverse direction 


semiconductor device 


semiconductor diode 


semiconductor junction 
(commonly referred to 
as junction} 


short-circuit 


small-signal 


static value 


terminal . 


thermal resistance (steady-state) 


transient thermal impedance . 


transistor 


Definition 
The bias which tends to produce current flow in the reverse 
direction. 


ee 
PE <= current flow 


The direction of current flow which results when the n-type 
semiconductor region is at a positive potential relative to the 
p-type region. 


A device whose essential characteristics are governed by the flow 
of charge carriers within a semiconductor. 


A semiconductor device having two terminals and exhibiting a 
nonlinear voltage-current characteristic; in more restricted usage, 
a semiconductor device which has the asymmetrical voltage- 
current characteristic exemplified by a single p-n junction. 
(Ref |EEE 270) 


A region of transition between semiconductor regions of different 
electrical properties (e.g., n-nt, p-n, p-p* semiconductors), or 
between a metal and a semiconductor. 


A circuit in which doubling the magnitude of the terminating 
impedance does not produce a change in the parameter being 
measured that is greater than the required accuracy of the 
measurement. (Ref MIL-S-19500D Par. 20.16) 


A signal which when doubled in magnitude does not produce a 
change in the parameter being measured that is greater than the 
required accuracy of the measurement. (Ref MIL-S-19500D 
Par. 20.17) 


A non-varying value or quantity measured at a specified 
fixed point, or the slope of the line from the origin to the 
operating point on the appropriate characteristic curve. (Ref 
IEEE 255 Par. 2.2.1) 


An externally available point of connection to one or more 
electrodes. 


The temperature difference between two specified points or 
regions divided by the power dissipation under conditions of 
thermal equilibrium. (Ref IEEE 223) 


The change of temperature difference between two specified 
points or regions at the end of a time interval divided by the step- 
function change in power dissipation at the beginning of the same 
time interval causing the change of temperature difference. (Ref 
IEEE 223) 


An active semiconductor device capable of providing power 
amplification and having three or more terminals. (Ref IEC 
147-0 Par. 0-2.8) 


TL 


Texas INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


Letter Symbols, Terms, and Definitions 


Symbol 


F or NF* 


F or NF* 


IR 


Rg (formerly 9) 


REca 


RaJA 


(formerly 09.4) 


Rasc 


(formerly 05.¢) 


Sf OF $21 


Term 


average noise figuret 
or 
average noise factort 


spot noise figuret 
or 
spot noise factort 


forward current, dc 


noise current, 
equivalent input 


reverse current, dc 


thermal resistance 


thermal resistance, 
case-to-ambient 


thermal resistance, 
junction-to-ambient 


thermal resistance, 


junction-to-case 


forward transmission 
coefficient 
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Definition 

The ratio of (1) the total output noise power within a 
designated output frequency band when the noise 
temperature of the input termination(s) is at the 
reference noise temperature, Tg, at ail frequencies to 
(2) that part of (1) caused by the noise temperature 
of the designated signal-input termination within a 
designated signal-input frequency band. 


The ratio of (1) the total output noise power per unit 
bandwidth (spectral density) at a designated output 
frequency when the noise temperature of the input 
termination(s) is at the reference noise temperature, 
To, at all frequencies to (2) that part of (1) caused by 
the noise temperature of the designated signal-input 
termination at a designated signal-input frequency. 


The dc current that flows through a semiconductor 
junction in the forward direction. 


The noise current of an ideal current source (having a 
source impedance equal to infinity) in parallel with 
the input terminals of the device that, together with 
the equivalent input noise voltage, represents the 
noise of the device. 


The dc current that flows through a semiconductor 
junction in the reverse direction. 


Refer to thermal resistance (steady-state), page 1-2, 


The thermal resistance (steady-state) from the device 
case to the ambient. 


The thermal resistance (steady-state) from the 
semiconductor junction (s) to the ambient. 


The thermal resistance (steady-state) from the 
semiconductor junction(s) to a stated location on the 
case. 


The ratio of the voltage at the output port to the 
voltage incident on the input port with the output 
port terminated in a purely resistive reference 
impedance equal to the impedance of the source of 
the incident voltage. 


*NF and NF abbreviations are often used for symbols F and F; however, the symbols F and F are preferred. 
tThese quantities may be expressed logarithmicalty in decibets (dB). 
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Symbol 


$j Or $71 


S OF S42 
Ta 


Tc 


Ty 


Term 


input reflection 
coefficient 


output reflection 
coefficient 


reverse transmission 
coefficient 


free-air temperature 
or 
ambient temperature 


case temperature 


virtual junction 
temperature 


storage temperature 


Definition 
The ratio of the voltage reflected from the input port 
to the voltage incident on the input port with the 
output port terminated in a purely resistive reference 
impedance equal to the impedance of the source of 
the incident voltage. 


The ratio of the voltage reflected from the output 
port to the voltage incident on the output port with 
the input port terminated in a purely resistive 
reference impedance equal to the impedance of the 
source of the incident voltage. 


The ratio of the voltage at the input port to the 
voltage incident on the output port with the input 
port terminated in a purely resistive reference 
impedance equal to the impedance of the source of 
the incident voltage. 


The air temperature measured below a device, in an 
environment of substantially uniform temperature, 
cooled only by natural air convection and not 
materially affected by reflective and radiant surfaces. 
(Ref MIL-S-19500D Par. 20.20.1) 


The temperature measured at a specified location on 
the case of a device. (Ref MIL-S-19500D 
Par. 20.20.2) 


A temperature representing the temperature of the 
junction(s) calculated on the basis of a simplified 
model of the thermal and electrical behavior of the 
semiconductor device. 


NOTE: This term “virtual junction temperature” is 
taken from IEC standards. It is particularly applicable 
to multijunction semiconductors and is used in this 
publication to denote the temperature of the active 
semiconductor element when required in 
specifications and test methods. The term “virtual 
junction temperature” is used interchangeably with 
the term “junction temperature” in this publication. 


The temperature at which the device, without any 
power applied, is stored. (Ref MiL-S-19500D 
Par. 20.20.3) 
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Symbol Term Definition 
Tn noise temperature The uniform physical absolute temperature (kelvin) 
at which a network (and all its sources, if a multiport) 
would have to be maintained if it (and its sources) 
were passive in order to make available (or deliver) 
the same random noise power per unit bandwidth 
(spectral density} at a given frequency as is actually 
available (or delivered) from the network. 


To reference noise temperature A specified absolute temperature (kelvin) to be 
assumed as a noise temperature at the input ports of 
a network when calculating certain noise parameters, 
and for normalizing purposes. When the reference 
noise temperature is 290 K, it is considered to be the 
standard reference noise temperature. 


td delay time The time interval from the point at which the leading 
edge of the input pulse has reached 10 percent of its 
maximum amplitude to the point at which the 
leading edge of the output pulse has reached 10 
percent of its maximum amplitude. (Ref 
MiL-S-19500D Par. 20.11) 


tf fall time The time duration during which the trailing edge of a 
pulse is decreasing from 90 to 10 percent of its 
maximum amplitude. (Ref MIL-S-19500D 


Par. 20.12) 
toff turn-off time The sum of ts + te. 
tum-on time The sum of tg + tr. 
to pulse time The time duration from the point on the leading edge 


which is 90 percent of the maximum amplitude to 
the point on the trailing edge which is 90 percent of 
the maximum amplitude. (Ref MIL-S-19500D 
Par. 20.15) 


tr rise time The time duration during which the leading edge of a 
pulse is increasing from 10 to 90 percent of its 
maximum amplitude. (Ref MIL-S-19500 Par. 20.13) 


ts storage time The time interval from a point 90 percent of the 
maximum amplitude on the trailing edge of the input 
pulse to a point 90 percent of the maximum 
amplitude on the trailing edge of the output pulse. 
(Ref MIL-S-19500D Par. 20.14) 
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Symbol Term Definition 
tw pulse average time The time duration from the point on the leading edge 
which is 50 percent of the maximum amplitude to 2 
point on the trailing edge which is 50 percent of the 
maximum amplitude. (Ref MIL-S-19500D 
Par. 20.10) 


OUTPUT PULSE 


10% 


PULSE AMPLITUDE ————- 


E 
ae 


DIAGRAM ILLUSTRATING PULSE TIME SYMBOLOGY 


Leena ee eummanmanemana” TIME _—_—_————» 


VF forward voltage, dc The dc voltage across a semiconductor junction 
associated with the flow of forward current. 


Vn noise voltage, The noise voltage of an ideal voltage source (having a 
equivalent input source impedance equal to zero) in series with the 

input terminals of the device that, together with the 

equivalent input noise current, represents the noise of 


the device. 

VR reverse voltage, dc The de voltage applied to a semiconductor junction 
which causes the current to flow in the reverse 
direction. 
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Terms and Definitions 


SIGNAL DIODES AND RECTIFIERS 


Term 


semiconductor rectifier diode 


semiconductor signal diode 


Letter Symbols, Terms, and Definitions 
(For illustration of the following currents refer to diagrams on page 1-10) 


Symbol 
'F(RMS). !¢, 
Ie, IE(AY). 
iF. tem 


lFRM 


lFSM 


tR(RMS). Ir. 
IR, IR(AV) 
in, |RM 
iR(REC). 
'RM(REC) 
'RRM 


IRSm 


Term 


forward current 
(see table, page 1-11) 


forward current, 
repetitive peak 


forward current, 
surge peak 


average rectified 
forward current 


reverse current 
(see table, page 1-11} 


reverse recovery 
current 
(see table, page 1-11) 


reverse current, 
repetitive peak 


reverse Current, 
surge peak 


Definition 
A semiconductor diode having an asymmetrical voltage-current 
characteristic, used for rectification, and including its associated 
housing, mounting, and cooling attachments if integral with it. 


Graphic symbol for a semiconductor rectifier diode and a 
semiconductor signal diode {Ref ANS Y32.2): 


envelope optional 
Anode CDi ies 


A semiconductor diode having an asymmetrical voltage-current 
characteristic and used for signal detection. 


For graphic symbol, see above. 


Definition 


The respective value of current that flows through a 
semiconductor diode or rectifier diode in the forward 
direction. 


The peak value of the forward current including all 
repetitive transient currents. 


The maximum (peak) surge forward current having a 
specified waveform and a short specified time inter- 
val. 


The value of the forward current averaged over a full 
cycle of half-sine-wave operation at 60 Hz with a 
conduction angle of 180°. 


The respective value of current that flows through a 
semiconductor diode or rectifier diode in the reverse 
direction. 


The transient component of reverse current 
associated with a change from forward conduction to 
reverse voltage. 


The maximum (peak) repetitive instantaneous reverse 
current. 


The maximum (peak) surge reverse current having a 
specified waveform and a short specified time inter- 
val. 
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Symbol Term Definition 
Pr, PF(AV). forward power The power dissipation resulting from the flow of the 
pF. Pem dissipation respective forward current. 


(see table, page 1-11) 


Pr, PR(AV). reverse power dissipation The power dissipation resulting from the flow of the 
PR, PRM (see table, page 1-11) respective reverse current. 
Qs stored charge The total amount of charge recovered from a diode 


minus the capacitive component of that charge when 
the diode is switched from a specified conductive 
condition to a specified non-conductive condition 
with other circuit conditions (as described in ElA- 
JEDEC Suggested Standard No. 1) optimized to 
recover the largest possible amount of charge. 


Rg thermal resistance See pages 1-2 and 1-3. 
Ty junction temperature See page 1-4. 
tir forward recovery time The time required for the current or voltage to 


recover to a specified value after instantaneous 
switching from a stated reverse voltage condition to a 
stated forward current or voltage condition in a given 


circuit. 

SPECIFIED 
RECOVERY 

w VOLTAGE 

oO 

< 

a 

3° 

> 


|. RECOVERY | TIME ——> 
TIME 
tp pulse time See pages 1-5 and 1-6. 
tr rise time See pages 1-5 and 1-6. 
trr reverse recovery time The time required for the current or voltage to 


recover to a specified value after instantaneous 
switching from a stated forward current condition to 
a stated reverse voltage or current condition in a given 
circuit. 


RECOVERY 
le TIME | 


t=0 
lf 


SPECIFIED 
RECOVERY 
CURRENT 
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Symbol 
tw 


V(BR). 
(BR) 


VF(RMsS), Vf. 
VF, VF(AV). 
vF, VFM 
VR(RMS). Vr. 
Vea. VR(AV)- 
vR. VRM 


VRWM 


VRRM 


Veasm 


Term 


pulse average time 


breakdown voltage (dc, 
instantaneous total value) 


forward voltage 
{see table, page 1-11) 


reverse voltage 
(see table, page 1-11) 


working peak 
reverse voltage 


repetitive peak 
reverse voltage 


nonrepetitive 
peak reverse 


voltage 


Definition 
See page 1-6. 


The value of voltage at which breakdown occurs. 


The voltage drop in a semiconductor diode resulting 
from the respective forward current. 


The voltage applied to a semiconductor diode which 
causes the respective current to flow in the reverse 
direction. 


The maximum instantaneous value of the reverse 
voltage, excluding all transient voltages, which occurs 
across a semiconductor rectifier diode. 


The maximum instantaneous value of the reverse 
voltage, including all repetitive transient voltages but 
excluding all nonrepetitive transient voltages, which 
occurs across a semiconductor rectifier diode. 


The maximum instantaneous value of the reverse 
voltage including all nonrepetitive transient voltages 
but excluding all repetitive transient voltages, which 
occurs across a semiconductor rectifier diode. 
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DIAGRAMS ILLUSTRATING SYMBOLS FOR DIODE CURRENTS AND VOLTAGES 


1. FORWARD CURRENT AND VOLTAGE: : 
Maximum (peak) surge value 


Maximum (peak) repetitive value 


Instantaneous total vaive iq ——— Average value, 180° conduction angle, 
60 Hz, half sine wave 


VF(AV) 
™ Average value with 
alternating component 


1ERM—~——— Maximum (peak) 
repetitive value 


Pp i¢ 


IF(AV) 


Average value with 
alternating component 


—— 


lem—— Maximum (peak) 
total value 


li. REVERSE CURRENT AND VOLTAGE: 


: R(AV) 
IR 
wee IRRM — Se — ee t x 
: sd Average value with 
Instantaneous Maximum (peak) repetitive value —_ A . Maximum (peak) 
alternating component 
total value VRRM VR(AV) surge value 


Maximum (peak) total! value 
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Forward Current 
Forward Current, 
Average, 180° 
Conduction Angle, 
60-Hz, Half Sine 
Wave 


Forward Current, 
Repetitive Peak 


Forward Current, 
Surge Peak 


Reverse Current 


Reverse Recovery 
Current 


Forward Power 
Dissipation 


Reverse Power 
Dissipation 


Forward Voltage 
Reverse Voltage 


Reverse Voltage, 
Working Peak 


Reverse Voltage, 
Repetitive Peak 


Reverse Voltage, 
Nonrepetitive 
Peak 


Breakdown Voltage 


TABLE OF SYMBOLS FOR CURRENT, POWER, AND VOLTAGE 


RMS Value 
of 
Alternating 
Component 


'F(RMS) 


'R(RMS) 


VE(RMS) 


VR(RMS) 


ig 


iR(REC) 


PF 


'RM(REC) 


PEM 


LL SSS FeSO SUSSD 
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VOLTAGE-REGULATOR AND VOLTAGE-REFERENCE DIODES 
Terms and Definitions 


Term Definition 
anode ........ + +s se + es ss The electrode to which the reverse current flows within the 
device when it is biased to operate in its breakdown region. 


| cathode ............ ++ + The electrode from which the reverse current flows within the 
device when it is biased to operate in its breakdown region. 
voitage-reference diode. . . - - . s+ ee > A diode which is normally biased to operate in the breakdown 


region of its voltage-current characteristic and which develops 
across its terminals a reference voltage of specified accuracy, 
when biased to operate throughout a specified current and 
temperature range. (Ref IEC 147-0, Par. 0-2.3) 


Graphic symbo! for voltage-reference diode (Ref ANS Y32.2) 
reverse current ——=—}> 


extn FQ) Anode 
envelope optional 


voitage-regulator diode... - - - + + ee A diode which is normally biased to operate in the breakdown 
region of its voltage-current characteristic and which develops 
across its terminals an essentially constant voltage throughout a 
specified current range. (Ref IEC 147-0, Par. 0-2.4) 
Graphic symbol for voltage-regulator diode. (Ref ANS Y32.2) 
reverse Current ——=<—> 
Cathode Anode 


envelope optional 


Letter Symbols, Terms, and Definitions 
(For illustration of the following currents and voltages refer to diagrams on page 1-13) 
Symbo! Term Definition 


lg forward current, dc The value of de current that flows through the diode 
in the forward direction. 


IR reverse current, dc The value of dc current that flows through the diode 
in the reverse direction. 


Iz, regulator current, The value of dc reverse current that flows through the 
I2K, reference current (dc, diode when it is biased to operate in its breakdown 
{7M dc near breakdown knee, region and at a point on its voltage-current character- 
dc maximum-rated current) istic as follows: 
Iz: a specified operating point between IZ«K and 
1ZM 


12K: a specified point near the breakdown knee 
\zm: 3 specified point based on the maximum-rated 
power. 


Tj junction temperature See page 1-4. 


Se 


INCORPORA 
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


1-12 Texas INSTRUMENTS 


GLOSSARY 


VOLTAGE-REGULATOR AND VOLTAGE-REFERENCE DIODES 
SS SSSSSASSUap 


Symbol Term 

VE forward voitage, dc 

VR reverse voltage, dc 

Vz. regulator voltage, 

VzmM reference voltage 
(dc, de at maximum- 
tated current) 

zz, regulator impedance, 

22k, reference impedance, 

z2zm (small-signal, at Iz, 


at 12K, at '7M) 


BREAKDOWN KNEE 


Definition 
The voltage drop in the diode, resulting from the dc 
forward current. 


The voltage applied to the diode which causes the dc 
current to flow in the reverse direction. 


The value of dc voltage across the diode when it is 
biased to operate in its breakdown region and at a 
specified point in its voltage-current characteristic as 
follows: 

Vz: at IZ (see previous page) 

VZM: at !21¥ (see previous page) 


The small-signal impedance of the diode when it is 
biased to operate in its breakdown region and at a 
specified point in its voltage-current characteristic as 
follows: 

Zz: at IZ (see previous page) 

Zzk: at IZ (see previous page) 

Z2zm: at 1ZpM (see previous page) 


DIAGRAM ILLUSTRATING SYMBOLS FOR CURRENTS AND VOLTAGES 
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VOLTAGE-VARIABLE-CAPACITANCE DIODES 


Terms and Definitions 


Term 
voltage-variable- 
capacitance diode 
(varactor diode) 


tuningdiode 6 ww ee es 


Letter Symbols, Terms, and Definitions 


Definition 
A two-terminal semiconductor device in which use is made of the 
property that its capacitance varies with the applied voltage. 


A voltage-variable-capacitance diode used for rf tuning. This 
includes functions such as automatic frequency control (AFC) 
and automatic fine tuning (AFT). 


Symbol Term Definition 
ac temperature coefficient The ratio of the change in capacitance to the change 
of capacitance in temperature. The ratio is an average value for the 
total temperature change. (For symbol: Ref USAS 
Y10.5-1968 Par. 3.6) 

Ce case capacitance The capacitance between the diode terminals of the 
case with the semiconductor chip not installed or 
with the semiconductor chip installed but not 
connected. 

Cj junction capacitance The small-signal capacitance between the contacts 
of an uninstalled semiconductor chip. 

C total capacitance The total small-signal capacitance between the diode 
terminals of a complete device. (Ct * Cg + Cj). 

C1 capacitance ratio The ratio of total capacitance at one voltage to total 

Cra capacitance at another voltage. 

fco cut-off frequency The frequency at which the figure of merit Q is 
equal to 1. 

Ls series inductance The inductance between specified points on the diode 
terminals. 

n efficiency The ratio of output power to input power. 

Q figure of merit Two pi (2m) times the ratio of the energy stored per 
cycle to the energy dissipated per cycle. 

Vs series resistance, The total small-signal resistance between the diode 

small-signal terminals. 

Ty junction temperature See page 1-4. 
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MULTIJUNCTION TRANSISTORS 
Terms and Definitions 


Term Definition 
base(B,b)* 2... 2... kee. OA region which ties between an emitter and a collector of a 
transistor and into which minority carriers are injected. (Ref. 60 
IRE 28.81) 
collector (C,c)* 2... ....2.2..20.2. ~+8 region through which a primary flow of charge carriers leaves 


the base. (Ref. 60 IRE 28.S1) 


emitter (E, e)* totes ee ee ee + +). © A region from which charge carriers that are minority carriers in 
the base are injected into the base. (Ref. 60 IRE 28.S1) 


junction, collector 2... 2... 2. 2...) A> semiconductor junction normally biased in the reverse 
direction, the current through which can be controlled by the 
introduction of minority carriers into the base. (Ref. 60 


IRE 28.S1) 

junction,emitter . . . . 2... 2... 3...) =A semiconductor junction normally biased in the forward 
direction to inject minority carriers into the base. (Ref. 60 
IRE 28.S1) 

saturation 2... 2.1...) 6A base-current and a collector-current condition resulting in a 


forward-biased collector junction. 
transistor, multijunction . 2... 2... A transistor having a base and two or more junctions. 
Typical Graphic Symbols: (Ref. ANS Y32.2) 


NOTE: In the graphic symbols, the envelope is optional if no 
element is connected to the envelope. 


N-P-N TRIODE P-N-P TRIODE 
Collector Collector 
Base Base 
Emitter Emitter 


N-P-N, DOUBLE-BASE P-N-P DOUBLE-EMITTER 


Collector Collector 
Base Base Base 
Emitter Emitter Emitter 
—or— 
Collector 
Base 
Emitter 
Emitter 


“References to base, collector and emitter symbolism (8, b, C, ¢, E, and e) refer to the device terminals connected to those regions. 
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Term 


transistor, programmable unijunction 


Definition 


. A P-N-P-N thyristor that, together with two external resistors, 
can generate a current-voltage characteristic similar to that of a 
unijunction transistor. The unijunction parameters n, ‘BB. Ip, 
and ly (see pages 1-27 and 1-28) can be varied by selection of 
the values of the two resistors. 


EMITTER, E BASE 2, B2 
R2 
ANODE, A 
Interbase Resistance rgg * R1+R2 
R1 
insi doff Rati mes 
R1 Intrinsic Standoff Ratio n ~ AItR2 


CATHODE, K © 


BASE 1, Bt 


PROGRAMMABLE UNIJUNCTION CIRCUIT 


VaK(VEBt) 
NEGATIVE- 
CUTOFF SATURATION 
-- -- RESISTANCE —>}o— —— 
REGION sone ON REGION 


Vp-- 
PEAK 


VALLEY POINT 


Ve(VEBt(sat)) — — 
Vv 


0 


DIAGRAM ILLUSTRATING CURRENT-VOLTAGE CHARACTERISTIC 
OF THE PROGRAMMABLE UNIJUNCTION CIRCUIT 


ne 
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Letter Symbols, Terms, and Definitions 


Symbol 


Cob, 
Cee, 
Ceb 


Cibo, 
Cieo 


Cibs, 


Cies 


Cobo. 
Coeo 


Cobs, 
Coes 


Cribs, 
Cres 


Cte, 
Cte 


Term 


interterminal 
capacitance 
(collector-to-base, 
collector-to-emitter, 
emitter-to-base) 


open-circuit input 
capacitance (common-base, 
common-emitter) 


short-circuit input 
capacitance (common-base, 
common-emitter) 


open-circuit output 
capacitance (common-base, 
common-emitter) 


short-circuit output 
capacitance (common-base, 
common-emitter) 


short-circuit reverse 
transfer capacitance 
(common-base, 
common-emitter) 


depletion-layer 
capacitance 
(collector, emitter) 


Definition 

The direct interterminal capacitance between the 
terminal indicated by the first subscript and the 
reference terminal indicated by the second subscript, 
with the respective junction (collector-base, collector- 
emitter, emitter-base) reverse-biased and with the 
remaining terminal (emitter, base, collector) open- 
circuited to dc, but ac-connected to the guard 
terminal of a three-terminal bridge. 


This capacitance includes the interelement capaci- 
tances plus capacitance to the shield where the shield 
is connected to one of the terminals under measure- 
ment. 


The capacitance measured across the input terminals 
(emitter and base, base and emitter) with the 
collector open-circuited for ac. (Ref IEEE 255) 


The capacitance measured across the input terminals 
(emitter and base, base and emitter) with the 
collector short-circuited to the reference terminal for 
ac. (Ref IEEE 255) 


The capacitance measured across the output terminals 
(collector and base, collector and emitter) with the 
input open-circuited to ac. (Ref IEEE 255) 


The capacitance measured across the output terminais 
(collector and base, collector and emitter) with the 
third terminal short-circuited to the reference 
terminal for ac. (Ref IEEE 255) 


The capacitance measured from the output terminal 
to the input terminal with the respective reference 
terminal (base or emitter) and the case, (unless 
connected internally to another terminal) connected 
to the guard terminal of a three-terminal bridge and 
with the device biased into the active region. 


The part of the capacitance across the (collector-base, 
emitter-base) junction that is associated with its 
depletion layer. 


NOTE: This capacitance is a function of the total 
potential difference across the depletion layer. (Ref 
IEC 147-0 Par. 11-4.8, 4.9) 


net NN 
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Symbol 
ForF 


fthfb, 
fife 


fmax 


fT 


4 


Term 
noise figure, average or spot 


small-signal short- 
circuit forward 
current transfer ratio 
cutoff frequency 
(common-base, 
common-emitter)} 


maximum frequency 
of oscillation 


transition frequency 

or 
frequency at which 
small-signal forward 
current transfer 
ratio (common-emitter) 
extrapolates to unity 


frequency of unity 
current transfer ratio 


large-signal insertion 
power gain (common- 
base, common-emitter) 


small-signal insertion 
power gain (common- 
base, common-emitter) 


large-signal transducer 
power gain (common-base, 
common-emitter) 


small-signal transducer 
power gain (common-base, 
common-emitter) 


static forward current 
transfer ratio (common- 
base, common-emitter) 


Definition 
See page 1-3. 


The lowest frequency at which the modulus (magni- 
tude) of the small-signal short-circuit forward current 
transfer ratio is 0.707 of its value at a specified low 
frequency (usually 1 kHz or less). (Ref !EEE 255) 


The maximum frequency at which a transistor can be 
made to oscillate under specified conditions. 


NOTE: This approximates to the frequency at which 
the maximum available power gain has decreased to 
unity. (Ref IEC 147-0 Par. |1-4.17) 


The product of the modulus (magnitude) of the 
common-emitter smatl-signal short-circuit forward 
current transfer ratio, {hfg|, and the frequency of 
measurement when this frequency is sufficiently high 
so that [hfe] is decreasing with a slope of approxi- 
mately 6 dB per octave. (Ref IEEE 255) 


The frequency at which the modulus (magnitude) of 
the common-emitter small-signal short-circuit forward 
current transfer ratio, |hfe|, has decreased to unity. 
(Ref 1EC 147-0 Par. 11-4.19) 


The ratio, usually expressed in dB, of the signal 
power delivered to the load to the large-signal power 
delivered to the input. 


The ratio, usually expressed in dB, of the signal 
power delivered to the load to the small-signal power 
delivered to the input. 


The ratio, usually expressed in dB, of the signal 
power delivered to the load to the maximum large- 
signal power available from the source. 


The ratio, usually expressed in dB, of the signal 
power delivered to the load to the maximum small- 
signat power available from the source. 


The ratio of the dc output current to the de input 
current. (Ref MIL-S-19500D Par. 30.28) 


re 
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hi, 
hie 


hie(imag) 
or 
tm (hie) 


hie(real) 
or 
Re(hje) 


hob, 
hoe 


Hoe(imag) 
or 


hoe(real) 
or 


Re(hoe) 


rb, 
Hre 


Term 
smalti-signal short- 
circuit forward 
current transfer 
ratio (common-base, 
common-emitter) 


small-signal short- 
circuit input impedance 
(common-base, 
common emitter) 


imaginary part of the 
small-signal short- 
circuit input impedance, 
(common-emitter) 


real part of the small- 
signal short-circuit 
input impedance, 
(common-emitter) 


small-signal open- 
circuit output 
admittance 
(common-base, 
common-emitter) 


imaginary part of the 
small-signal open-circuit 
output admittance, 
(common-emitter) 


real part of the small- 
signal open-circuit 
output admittance, 
(common-emitter) 


small-signal open- 
circuit reverse voltage 
transfer ratio 
(common-base, 
common-emitter) 


current, dc 
(base-terminal, 
collector-terminal, 
emitter-terminal) 


current, rms value of 
alternating component 
(base-terminal, 
coliector-terminal, 
emitter-terminal) 


Definition 
The ratio of the ac output current to the smail-signal 
ac input current with the output short-circuited to ac. 
(Ref MtL-S-19500D Par. 30.20) 


The ratio of the small-signal ac input voltage to the ac 
input current with the output short-circuited to ac. 
(Ref MIL-S-19500D Par. 30.24) 


The ratio of the out-of-phase (imaginary) component 
of the small-signal ac base-emitter voltage to the ac 
base current with the collector terminal short- 
circuited to the emitter terminal for ac. 


The ratio of the in-phase (real) component of the 
small-signal ac base-emitter voltage to the ac base 
current with the collector terminal short-circuited to 
the emitter terminal for ac. 


The ratio of the ac output current to the small-signal 
ac output voltage applied to the output terminal, 
with the input open-circuited to ac, (Ref 
MIL-S-19500D Par. 30.15) 


The ratio of the ac collector current to the out-of- 
phase (imaginary) component of the small-signal 
collector-emitter voltage with the base terminal open- 
circuited to ac. 


The ratio of the ac collector current to the in-phase 
(real) component of the small-signal collector-emitter 
voltage with the base terminal open-circuited to ac. 


The ratio of the ac input voltage to the small-signal ac 
output voltage with the input open-circuited to ac. 
(Ref MIL-S-19500D Par. 30.18) 


The value of the dc current into the terminal 
indicated by the subscript. 


The root-mean-square value of alternating current 
into the terminal indicated by the subscript. 
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Symbol Term 
ig. current, instantaneous 
ic, total value 
ig (base-terminal, 


collector-terminal, 


emitter-terminal) 


COMPONENT | 


NO ALTERNATING 


e 
2 

we 

c 

« 

3 

3) 

& 

5 OC VALUE WITH 
w le ALTERNATING 
a DC VALUE [| COMPONENT 
8 [no acTeRNaTING] 


le 
ROOT-MEAN-SQUARE 
VALUE OF 


'cm 


MAXIMUM (PEAK) 
TOTAL VALUE 


TIME 


COMPONENT 


WITH ALTERNATING 


Definition 


The instantaneous total value of current ifto the 
terminal indicated by the subscript. 


tom 
MAXIMUM (PEAK) 
VALUE OF 


NT ALTERNATING COMPONENT 


eae 


INSTANTANEOUS VALUE 
OF ALTERNATING COMPONENT 


'c(RMS) 
ROOT-MEAN-SQUARE 


TOTAL VALUE 


ic 
INSTANTANEOUS 
TOTAL VALUE 


DIAGRAM ILLUSTRATING SYMBOLS AND TERMS FOR CURRENTS (Ref IEEE 255) 


COMPONENT 
IBEV base cutoff 
current, dc 
| ICBO collector cutoff 
current, dc, 
emitter open 


The dc current into the base terminal when it is 
biased in the reverse direction with respect to the 
emitter terminal and there is a specified voltage 
between the collector and emitter terminals. 


The dec current into the collector terminal when it is 
biased in the reverse direction with respect to the 
base terminal and the emitter terminal is open- 
circuited. (Ref IEEE 255) 


ee 
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ICES, 


ICEV. 


ICEX 


1E1E2(off) 


lEBo 


IEC(ofs) 


Im(yie) 


Term 
collector cutoff 
current, dc, with 

(base open, 


resistance between 
base and emitter, 


base short-circuited 
to emitter, 


voltage between 
base and emitter, 


circuit between 
base and emitter) 


emitter cutoff 
current 


emitter cutoff 
current, de, 
collector open 


emitter-collector 
offset current 


emitter cutoff 
current, dc, 

base short-circuited 
to collector 


GLOSSARY 
MULTIJUNCTION TRANSISTORS 


Definition 
The de current into the collector terminal when it is 
biased in the reverse direction” with respect to the 
emitter terminal and the base terminal is (as indicated 
by the last subscript letter as follows): 


O = open-circuited. 

R=returned to the emitter terminal through a 
specified resistance. 

S = short-circuited to the emitter terminal. 

V=returned to the emitter terminal through a 
specified voltage. 

X=returned to the emitter terminal through a 
specified circuit. 

(Ref IEEE 255) 


*For these parameters, the collector terminal is 
considered to be biased in the reverse direction 
when it is made positive for N-P-N transistors or 
negative for P-N-P transistors with respect to the 
emitter terminal. 


The current into the emitter-1 terminal of a double- 
emitter transistor when the emitter-1 terminal is 
biased with respect to the emitter-2 terminal and the 
transistor is in the off state (the collector-base diode 
is not forward-biased) with specified termination of 
the collector and base terminals. 


The dc current into the emitter terminal when it is 
biased in the reverse direction with respect to the 
base terminal and the collector terminal is open- 
circuited. (Ref IEEE 255) 


The external short-circuit current between the 
emitter and collector when the base-collector diode is 
reverse biased. 


The dec current into the emitter terminal when it is 
biased in the reverse direction” with respect to the 
collector terminal and the base terminal is short- 
circuited to the collector terminal. (Ref IEEE 255) 


“For this parameter the emitter terminal is 
considered to be biased in the reverse direction 
when it is made positive for N-P-N transistors or 
negative for P-N-P transistors with respect to the 
collector terminal. 


See preferred symbol! vie(imag) 
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Symbol 
im(Yoe) 


In 
NF or NF* 


PIB. 
Pie 


Pip, 
Pie 


Pos. 
PoE 


Pob. 
Poe 


Pr 


tp'Ce 


TCE(sat) 


Relvie) 
Re(Yoe) 


Tele2{on) 


Rg 


Sfb OF S21b, 
Sfe OY S21e 


Srb OF S12b, 
Sre OF S12e 


Term 


noise current, 
equivalent input 


noise figure, average or spot 


large-signal input 
power (common-base, 
common-emitter) 


small-signal input 
power (common-base, 
common-emitter) 


large-signal output 
power (common-base, 
common-emitter) 


small-signal output 
power (common-base, 
common-emitter) 


total nonreactive 
power input to all 
terminals 


coHector-base 
time constant 


saturation resistance, 
collector-to-emitter 


small-signal emitter- 
emitter on-state 
resistance 


thermal resistance 


forward transmission coefficient 
(common-base, common-emitter) 


reverse transmission coefficient 
(common-base, common-emitter) 


Definition 
See preferred symbol Yoe(imag) 


See page 1-3. 


See page 1-3. 


The product of the large-signal ac input current and 
voltage with the common reference terminal circuit 
configuration. 


The product of the small-signal ac input current and 
voltage with the common reference terminal circuit 
configuration. 


The product of the large-signal ac output current and 
voltage with the common reference terminal circuit 
configuration. 


The product of the small-signal ac output current and 
voltage with the common reference terminal circuit 
configuration. 


The sum of the products of the dc input currents and 
voltages, i.e., 

Vee°le + VceE°lc or 

Vee‘le + VcBrlc 


The product of the intrinsic base resistance and 
collector capacitance under specified small-signal 
conditions. 


The resistance between the collector and emitter 


terminals for the saturation conditions specified. (Ref 
IEEE 255) 


See preferred symbol yie(reat) 
See preferred symbol Yoe(real) 
The small-signal resistance between the emitter 
terminals of a double-emitter transistor when the 


base-collector diode is forward-biased. 


See pages 1-2 and 1-3. 


The respective forward or reverse transmission 
coefficient with the transistor in the indicated 
configuration. See pages 1-3 and 1-4. 


*NF and NF abbreviations are often used for symbols F and F; however, the symbols F and F are preferred. 
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Symbol! 
Sib OF S14b, 
Sie OF St1e 


Sob OF $22b, 
Soe OF S22e 


Ty 
td 
tf 
toff 
ton 
tp 


ty 


tw 


Ves. 
Vcc. 
VEE 


VBc. 
VBE. 
Vee. 
VCE. 
VEB. 
VEc 


Vbe- 
Vbe, 
Veb- 
Voce, 
Veb, 
Vec 


V(BR)CBO 
(formerly BVcRO) 


a SS SSS ES 


Term 


input reflection coefficient 
(common-base, common-emitter) 


output reflection coefficient 
(common-base, common-emitter) 


junction temperature 
delay time 

fall time 

turn-off time 
turn-on time 

pulse time 

rise time 

storage time 


pulse average time 


supply voltage, dc 
(base, collector, 
emitter) 


voltage, dc or average 
(base-to-collector, 
base-to-emitter, 
collector-to-base, 
collector-to-emitter, 
emitter-to-base, 
emitter-to-collector) 


voltage, instantaneous 
value of alternating 
component 
(base-to-collector, 
base-to-emitter, 
Collector-to-base, 
collector-to-emitter, 
emitter-to-base, 
emitter-to-collector) 


breakdown voltage, 
collector-to-base, 
emitter open 


Definition 
The respective input or output reflection coefficient 
with the transistor in the indicated configuration. See 
page 1-4. 


See page 1-4. 

See pages 1-5 and 1-6. 

See pages 1-5 and 1-6. 

The sum of t, + t¢. See pages 1-5 and 1-6. 
The sum of tg + ty. See pages 1-5 and 1-6. 
See pages 1-5 and 1-6. 

See pages 1-5 and 1-6. 

See pages 1-5 and 1-6. 


See page 1-6. 


The dc supply voltage applied to a circuit connected 
to the reference terminal. 


The dc voltage between the terminal indicated by the 
first subscript and the reference terminal (stated in 
terms of the polarity at the terminal indicated by the 
first subscript). 


The instantaneous value of ac voltage between the 
terminal indicated by the first subscript and the 
reference terminal. 


The breakdown voltage between the collector 
terminal and the base terminal when the collector 
terminal is biased in the reverse direction with respect 
to the base terminal and the emitter terminal is 
open-circuited. (Ref IEEE 255) 
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Symbol 


V(BR}CEO 
(formerly BVCEQ) 


V(BR)CER 
(formerly BVCER) 


V(BR)CES 
(fromerly BVcEs) 


V(BRICEV 
(formerly BVcEey) 


V(BR)CEX 
(formerly BVcEx) 


V(BR)E1E2 


V(BR)EBO 
(formerly BVEBO) 


V(BR)ECO 
(formerly BVEcQ) 


VcBifl) 
VCE(fI). 
VEB(fI). 
VECifl) 


Term 
breakdown voltage, 


collector-to-emitter with 


{base open, 


resistance between 


base and emitter, 


base short-circuited 


to emitter, 


voltage between 
base and emitter, 


circuit between 
base and emitter) 


emitter-emitter 
breakdown voltage 


breakdown voltage, 
emitter-to-base, 
collector open 


breakdown voltage, 
emitter-to-collector, 
base open 


de open-circuit voltage 


(floating potential) 
(coHector-to-base, 
collector-to-emitter, 
emitter-to-base, 
emitter-to-collector) 


Definition 
The breakdown voltage between the collector 
terminal and the emitter terminal when the collector 
terminal is biased in the reverse direction® with 
respect to the emitter terminal and the base terminal 
is (as indicated by the last subscript letter as follows): 
O = open-circuited. 
R-=returned to the emitter terminal through a 
specified resistance. 
S = short-circuited to the emitter terminal. 
V=returned to the emitter terminal through a 
specified voltage. 
X=returned to the emitter terminal through a 
specified circuit. 


(Ref \EEE 255) 


*For these parameters, the collector terminal is 
considered to be biased in the reverse direction 
when it is made positive for N-P-N transistors or 
negative for P-N-P transistors with respect to the 
emitter terminal. 


The breakdown voltage between the emitter 
terminals, of a double-emitter transistor, with 
specified termination between collector and base. 


The breakdown voltage between the emitter and base 
terminals when the emitter terminal is biased in the 
reverse direction with respect to the base terminal 
and the collector terminal is open-circuited. (Ref 
1EEE 255) 


The breakdown voltage between the emitter and 
collector terminals when the emitter terminal is 
biased in the reverse direction* with respect to the 
collector terminal and the base terminal is open- 
circuited. 


*For this parameter the emitter terminal is 
considered to be biased in the reverse direction 
when it is made positive for N-P-N transistors or 
negative for P-N-P transistors with respect to the 
collector terminal. 


The dc open-circuit voltage (floating potential) 
between the terminal indicated by the first subscript 
and the reference terminal when the remaining 
terminal is biased in the reverse direction with respect 
to the reference terminal. (Ref IEEE 255) 
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LLL TCS, 


VCE(ofs) 


VCE(sat) 


VcEO, 


VCER. 
VCES, 
VceEv. 
VCEX 


VEBO 


VEC(ofs) 


VE1E2(0fs)| 


AVE 1€2(ofs) lAlg 


JAVE1E2(0fs) lata 


Vn 


Term 
collector-to-base 
voltage, dc, emitter 
open 


collector-emitter 
offset voltage 


saturation voltage, 
collector-to-emitter 


collector-to-emitter 
voltage, dc, with 
(base open, 


resistance between 
base and emitter, 


base short-circuited 
to emitter, 


voltage between base 
and emitter, 


Circuit between base 
and emitter) 


emitter-to-base 
voltage, dc, 
collector open 


emitter-collector 
offset voltage 


magnitude of the 
emitter-emitter offset 
voltage 


magnitude of the 
change in offset 
voltage with base 
current 


magnitude of the 
change in offset 
voltage with 
temperature 


noise voltage, 
equivalent input 


Definition 
The dc voltage between the collector terminal and the 
base terminal when the emitter terminal is open- 
circuited. 


The open-circuit voltage between the collector and 
emitter terminals when the base-emitter diode is 
forward-biased. 


The dc voltage between the collector and the emitter 
terminals for specified saturation conditions. (Ref 
IEEE 255) 


The dc voltage between the collector terminal and the 

emitter terminal when the base terminal is (as 

indicated by the last subscript letter as follows): 

O = open circuited. 

R =returned to the emitter terminal through a 
specified resistance. 

S = short-circuited to the emitter terminal. 

V=returned to the emitter terminal through a 
specified voltage. 

X=returned to the emitter terminal through a 
specified circuit. 


The dc voltage between the emitter terminal and the 
base terminal with the collector terminal open- 
circuited. 


The open-circuit voltage between the emitter and 
collector when the base-collector diode is forward- 
biased. 


The absolute value of the open-circuit voltage 
between the two emitters of a double-emitter 
transistor when the base-collector diode is forward- 
biased. 


The absolute value of the algebraic difference 
between the emitter-emitter offset voltages of a 
double-emitter transistor at two specified base 
currents. 


The absolute value of the algebraic difference 
between the emitter-emitter offset voltages of a 
double-emitter transistor at two specified ambient 
temperatures. 


See page 1-6. 
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Symbol 


VRT 


Yfb. 
Yfe 


Yib. 
Yie 


Yie(imag) 
or 


Im(yie) 


Yie(real) 
or 


Relyie) 


Yob: 
Yoe 


Yoe(imag) 
or 


Im(Yoe) 


Yoe(real) 
or 


Relyoe) 


Yrb- 
Yre 


Term 


reach-through (punch-through) 


voltage 


small-signal short- 
circuit forward- 
transfer admittance 
(common-base, 
common-emitter) 


small-signal short- 
circuit input admittance 
(common-base, 
common-emitter) 


imaginary part of 
the small-signal 
short-circuit input 
admittance 
(common-emitter) 


real part of the 
small-signal short- 
circuit input admittance 
(common-emitter) 


small-signal short- 
circuit output 
admittance 
{common-base, 
common-emitter) 


imaginary part of 
the small-signal 
short-circuit output 
admittance 
(common-emitter) 


real part of the 
small-signal short- 
circuit output 
admittance 
(common-emitter) 


small-signal short- 
circuit reverse 
transfer admittance 
(common-base, 
common-emitter) 


Definition 
That value of reverse collector-to-base voltage at 
which the space-charge region of the collector-base 
junction extends to the space-charge region of the 
emitter-base junction. (Ref IEEE 255) 


The ratio of rms output current to rms input voltage 
with the output short-circuited to ac. 


The ratio of rms input current to rms input voltage 
with the output short-circuited to ac. 


The ratio of rms input current to the rms out-of- 
phase (imaginary) component of the input voltage 
with the output short-circuited to ac. 


The ratio of rms input current to the rms in-phase 
(real) component of the input voltage with the 
output short-circuited to ac. 


The ratio of rms output current to rms output voltage 
with the input short-circuited to ac. 


The ratio of rms output current to the out-of-phase 
(imaginary) component of the rms output voltage 
with the input short-circuited to ac. 


The ratio of rms output current to the in-phase (real) 
component of the rms output voltage with the input 
short-circuited to ac. 


The ratio of rms input current to rms output voltage 


with the input short-circuited to ac. 
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UNIJUNCTION TRANSISTORS 
Terms and Definitions 
Term Definition 

base (B)* ss 35 eo ee we db hee tes A region of a semiconductor device into which minority carriers 
are injected. 

emitter (E)* 2... .... 2, A region from which charge carriers that are minority carriers in 
the base are injected into the base. (Ref. 60 IRE 28.S1) 

junction,emitter . 2... . 2 2... 2.) A semiconductor junction normally biased in the forward 
direction to inject minority carriers into the base. (Ref 60 
IRE 28.S1) 

peak point... ... 2... 2.2... . The point on the emitter current-voltage characteristic cor- 


responding to the lowest current at which dVegi/die = 0. 


programmable unijunction transistor . . 2. . See page 1-16. 


valley point’. . 2... 2. 2 2... 2 2.) The point on the emitter current-voltage characteristic corres- 
ponding to the second lowest current at which dVEp1/die = 0. 


unijunction transistor . 2... . 2... . . . A three-terminal semiconductor device having one junction and a 
stable negative-resistance characteristic over a wide temperature 
range. 


Graphic symbols for unijunction transistors (Ref. ANS Y32.2): 


N-P (P-Type Base) P-N (N-Type Base) 


base 2 emitter base 2 emitter 
base 1 base 1 


NOTE: In the graphic symbols, the envelope 
is optional if no element is connected 
to the envelope. 


Letter Symbols, Terms, and Definitions 


Symbol Term Definition 
n intrinsic standoff The ratio (Vp—VF)/VB2R1, where VF is the forward 
ratio voltage drop of the emitter junction. 
1B2(mod) interbase modulated The current into the base-2 terminal when the emitter 
current current is greater than the valley-point current. 
lEB20 emitter reverse The current into the emitter terminal when it is 
current biased in the reverse direction with respect to the 
base-2 terminal and the base-1 terminal is open- 
circuited. 
Ip peak-point current The emitter current at the peak point. 


“Reference to base and emitter symbolism (B, E) refers to the device terminals connected to those regions. 
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Symbol Term Definition 
ly valley-point current The emitter current at the valley point. 
‘BB interbase resistance The resistance between the two bases with the 
emitter current equal to zero. 
TJ junction temperature See page 1-4. 
tp pulse time See pages 1-5 and 1-6. 
tw pulse average time See page 1-6. 
VB281 interbase voltage The dc voltage between base 2 and base 1. 
VEB1(sat) emitter saturation The forward voltage between the emitter and base 1 
voltage at an emitter current greater than the valley-point 
current. 
Vos1 base-1 peak The peak voltage measured across the resistor in series 
voltage with base 1 when the device is operated as a 
relaxation oscillator in a specified circuit. 
Ve peak-point The voltage between the emitter and base 1 at the 
voltage peak point. 
Vv valley-point The voltage between the emitter and base 1 at the 
voltage valley point. 
VEB1 
NEGATIVE- 
CUTOFF SATURATION 
~ -- RESISTANCE —efe— --~ 
REGION Seo { REGION 1 REGION 


VALLEY POINT 


DIAGRAM ILLUSTRATING CURRENT-VOLTAGE CHARACTERISTIC 


ae 
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FIELD-EFFECT TRANSISTORS 


Terms and Definitions 


Term 
channel 


depletion-mode operation. . 


depletion-type . .......2.. 
field-effect transistor 


drain (D, d) 


dual-gate ae 
field-effect transistor 


enhancement-mode operation 


enhancement-ty pe 
field-effect transistor 


field-effect transistor . 


gate (G, g) 


insulated-gate 
field-effect transistor 


junction (junction-gate) 
field-effect transistor 


Metal-oxide-semiconductor (MOS) 
field-effect transistor 


Definition 
A region of semiconductor material in which current flow is 
influenced by a transverse electrical field. A channel may 
physically be an inversion layer, a diffused layer, or bulk material. 
The type of channel is determined by the type of majority 
carriers during conduction; i.e., p-channel or n-channel. 


The operation of a field-effect transistor such that changing the 
gate-source voltage from zero to a finite value decreases the 
magnitude of the drain current. 


A field-effect transistor having appreciable channel conductivity 
for zero gate-source voltage; the channel conductivity may be 
increased or decreased according to the polarity of the applied 
gate-source voltage. 


A region into which majority carriers flow from the channel. 


Alternate term for tetrode field-effect transistor. 


The operation of a field-effect transistor such that changing the 
gate-source voltage from zero to a finite value increases the 
magnitude of the drain current. 


A field-effect transistor having substantially zero channel 
conductivity for zero gate-source voltage; the channel 
conductivity may be increased by the application of a gate-source 
voltage of appropriate polarity. 


A transistor in which the conduction is due entirely to the flow 
of majority carriers through a conduction channel controlled by 
an electric field arising from a voltage applied between the gate 
and source terminals. 


The electrode associated with the region in which the electric 
field due to the control voltage is effective. 


A field-effect transistor having one or more gate electrodes which 
are electrically insulated from the channel. 


A field-effect transistor that uses one or more gate regions that 
form p-n junction(s) with the channel. 


An insulated-gate field-effect transistor in which the insulating 
layer between each gate electrode and the channel is oxide 
material. 
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Term 
n-channel 
field-effect transistor 


p-channel . 
field-effect transistor 


source (S, s} 
substrate (U, u) (of a junction 
field-effect transistor or an insulated- 


gate field-effect transistor) 


substrate (of a thin-film. 
field-effect transistor) 


tetrode field-effect transistor . 


triode field-effect transistor . 


Definition 
A field-effect transistor that has an n-type conduction channel. 


A field-effect transistor that has a p-type conduction channel. 


A region from which majority carriers flow into the channel. 


A semiconductor material that contains a channel, a source, and a 
drain and which may be connected to a terminal. 


An insulating material that supports the thin semiconductor 
layer, the insulating layer, and the source, gate, and drain 
electrodes. 


A field-effect transistor having two independent gates, a source, 
and a drain. An active substrate terminated externally and 
independently of other elements is considered a gate for the 
purpose of this definition. 


A field-effect transistor having a gate, a source, and a drain. 


GRAPHIC SYMBOLS FOR FIELD-EFFECT TRANSISTORS 


N-CHANNEL Ll 


TETRODE TRIODE | TETRODE | TRIODE 
oy 


P-CHANNEL 


JUNCTION-GATE INSULATED-GATE 


| Go 

D D G2 D 

U 

GB: (33 “G3: 
D 

D iP) 


©: 


In the above drawings of the insulated-gate devices, the substrate (bulk) is shown 13) 

terminated either internally or externally. The symbot at the right illustrates an G s 

unterminated (passive) substrate. PASSIVE 
SUBSTRATE 
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dfs. 
bis, 
bos, 


brs 
Cds 


Cdu 


Ciss 


Coss 


Crss 


Symbol 


Term 
common-source small- 
signal (forward transfer, 
input, output, reverse 
transfer) susceptance 


drain-source capacitance 


drain-substrate 
capacitance 


short-circuit input 
capacitance, common- 
source 


short-circuit output 
capacitance, common- 
source 


short-circuit reverse 
transfer capacitance, 
common-source 


noise figure, average or spot 


common-source small- 
signal (forward transfer, 
input, output, reverse 
transfer) conductance 


small-signal insertion 

Power gain, (common- 
gate, common-source) 
small-signal transducer 
power gain (common- 
gate, common-source) 


drain current, dc 


drain cutoff current 


Definition 
The imaginary part of the corresponding admittance. 
See Yfs, Yis, Yos, and yrs. Symbols in the forms byx 
and Yxx(imag) are equivalent. 


The capacitance between the drain and source 
terminals with the gate terminal connected to the 
guard terminal of a three-terminal bridge. 


The capacitance between the drain and substrate 
terminals with the gate and source terminals 
connected to the guard terminal of a three-terminal 
bridge. 


The capacitance between the input terminals (gate 
and source) with the drain short-circuited to the 
source for alternating current. (Ref. 1EEE 255) 


The capacitance between the output terminals (drain 
and source) with the gate short-circuited to the 
source for alternating current. (Ref. IEEE 255) 


The capacitance between the drain and gate terminals 
with the source connected to the guard terminal of a 
three-terminal bridge. 


See page 1-3. 


The real part of the corresponding admittance. See 
Yfs- Yiss Yos: And yrs. Symbols in the forms gx and 
Yxx(real) are equivalent. 


The ratio, usually expressed in dB, of the signal 
power delivered to the load to the signal power 
delivered to the input. 


The ratio, usually expressed in dB, of the signal 
power delivered to the load to the maximum signal 
power available from the source. 


The direct current into the drain terminal. 


The direct current into the drain terminal of a 
depletion-type transistor with a specified reverse 
gate-source voltage applied to bias the device to the 
off state. 


LL a ES SS hI RA 


TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX $012 ¢ DALLAS. TEXAS 75222 


1-31 


1-32 


GLOSSARY 


FIELD-EFFECT TRANSISTORS 


nem 


Symbol 


Ip(on) 


Ipss 


IGR 


IGss 


IGSSF 


'GssR 


In 


im(yfs), 
Im(yis), 
Im(Yos), 
Imlyrs) 


Isos 


Term 
on-state drain current 


zero-gate-voltage 
drain current 


gate current, dc 


forward gate current 


reverse gate current 


reverse gate current, 
drain short-circuited 
to source 


forward gate current, 
drain short-circuited 
to source 


reverse gate current, 
drain short-circuited 
to source 


noise current, 
equivatent input 


source current, dc 


source cutoff current 


zero-gate-voltage 
source current 


Definition 
The direct current into the drain terminal with a 
specified forward gate-source voltage applied to bias 
the device to the on state. 


The direct current into the drain terminal when the 
gate-source voltage is zero. This is an on-state current 
in a depletion-type device, an off-state current in an 
enhancement-type device. 


The direct current into the gate terminal. 


The direct current into the gate terminal with a 
forward gate-source voltage applied. See VGSF. 


The direct current into the gate terminal with a 
reverse gate-source voltage applied. See VGsr. 


The direct current into the gate terminal of a 
junction-gate field-effect transistor when the gate 
terminal is reverse-biased with respect to the source 
terminal and the drain terminal is short-circuited to 
the source terminal. 


The direct current into the gate terminal of an 
insulated-gate field-effect transistor with a forward 
gate-source voltage applied and the drain terminal 
short-circuited to the source terminal. See VGSF. 


The direct current into the gate terminal of an 
insulated-gate field-effect transistor with a reverse 
gate-source voltage applied and the drain terminal 
short-circuited to the source terminal. See VGSR. 


See page 1-3. 


See preferred symbols: bfs or Yfs(imag)- 
bis Or Yis(imag)- 
Dos OF Yos(imag)- 
brs OF Yrs(imag) 


The direct current into the source terminal. 


The direct current into the source terminal of a 
depletion-type transistor with a specified gate-drain 
voltage applied to bias the device to the off state. 


‘The direct current into the source terminal when the 
gate-drain voltage is zero. This is an on-state current 
in a depletion-type device, an off-state current in an 
enhancement-type device. 
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"DS(on) 


Relyts), 
Relyis), 
Re(yos). 
Relyrs) 


Re 


Sfg Or S21g 
Sfs OF S215 


rq OF $129, 
Sys OF S425 


Sig OF 811g, 
Sis OF S115 


Sog or 822g 
Sys OF 8225 


Ty 


td (off) 


Term 
noise figure, average or spot 


small-signal drain- 


source on-state 
resistance 


static drain-source 
on-state resistance 


thermal resistance 


forward transmission coefficient 
(common-gate, common-source) 


reverse transmission coefficient 
(common-gate, common-source) 


input reflection coefficient 
(common-gate, common-source) 


output reflection coefficient 
(common-gate, common-source) 


junction temperature 


turn-off delay time 


GLOSSARY 
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Definition 
See page 1-3. 


The small-signal resistance between the drain and 
Source terminals with a specified gate-source voltage 
applied to bias the device to the on state. For a 
deptetion-type device, this gate-source voltage may be 
zero. 


The dc resistance between the drain and source 
terminals with a specified gate-source voltage applied 
to bias the device to the on state. For a depletion- 
type device, this gate-source voltage may be zero. 


See preferred symbols: gfs or Yfs(real)- 
Gis OF Yis(real). 
Sos OF Yos(real)- 
Srs OF Yrs(real) 


See pages 1-2 and 1-3. 


The respective forward or reverse transmission 
coefficient with the transistor in the indicated 
configuration. See pages 1-3 and 1-4. 


The respective input or output reflection coefficient 
with the transistor in the indicated configuration. See 
page 1-4. 


See page 1-4. 


The time interval from a point 90 percent of the 
maximum amplitude on the trailing edge of the input 
pulse to a point 90 percent of the maximum 
amplitude on the trailing edge of the output pulse. 
This corresponds to storage time for a multijunction 
transistor. See pages 1-5 and 1-6. 

NOTE: This definition assumes a device initially in 
the off state with an input pulse applied of proper 
polarity to switch the device to the on state. 


*NF and NF abbreviations are often used for sumbols F and F; however, the symbols F and F are preferred. 
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Symbol 


Term 
td(on) turn-on delay time 
tf fali time 
toff turn-off time 
turn-on time 
tp pulse time 
tr rise time 
tw pulse average time 
V(BR)GSS gate-source breakdown 
voltage 
V(BR)GSSF forward gate-source 
breakdown voltage 
V(BR)GSSR reverse gate-source 
breakdown voltage 
Vop. supply voltage, dc 
VGG. (drain, gate, 
Vss source) 
VoG drain-gate voltage 
Vps drain-source voltage 


Definition 

The time interval from a point 10 percent of the 
maximum amplitude on the leading edge of the input 
pulse to a point 10 percent of the maximum 
amplitude on the leading edge of the output pulse. 
This corresponds to delay time for a multijunction 
transistor. See pages 1-5 and 1-6. 

NOTE: This definition assumes a device initially in 
the off state with an input pulse applied of proper 
polarity to switch the device to the on state. 


See pages 1-5 and 1-6. 

The sum of td(off) + tf. See pages 1-5 and 1-6. 
The sum of td{on) + tr. See pages 1-5 and 1-6. 
See pages 1-5 and 1-6. 

See pages 1-5 and 1-6. 

See page 1-6. 


The breakdown voltage between the gate and source 
terminals with the drain terminal short-circuited to 
the source terminal. 

NOTE: The symbol V(gR)Gss is primarily used 
with junction-gate field-effect transistors. The 
symbols V(BR)GSSR OF V(BR)GSSF should be used 
with insulated-gate transistors having shunting diodes 
or similar voltage-limiting devices. 


The breakdown voltage between the gate and source 
terminals with a forward gate-source voltage applied 
and the drain terminal short-circuited to the source 
terminal. See VGSF. 


The breakdown voltage between the gate and source 
terminals with a reverse gate-source voltage applied 
and the drain terminal short-circuited to the source 
terminal. See VGSR. 


The dc supply voltage applied to a circuit connected 
to the reference terminal. 
The dc voltage between the drain and gate terminals. 


The de voltage between the drain and source 
terminals. 


en 
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Ve6s 


VGsF 


Vasr 


VGS(off) 


VGsith) 


VGuU 


Vn 


Vsu 


Yfs 


Yis 


Yos 


Term 
drain-source on-state 
voltage 


drain-substrate 
voltage 


gate-source voltage 


forward gate-source 
voltage 


reverse gate-source 
voltage 


gate-source cutoff 
voltage 


gate-source threshold 
voltage 


gate-substrate voltage 


noise voltage, 
equivalent input 


source-substrate 
voltage 


common-source smalt- 
signal short-circuit 
forward transfer 
admittance 


common-source small- 
signal short-circuit 
input admittance 


common-source smaill- 
signal short-circuit 
Output admittance 


GLOSSARY 


FIELD-EFFECT TRANSISTORS 


Definition 
The dec voltage between the drain and source 
terminals with a specified forward gate-source voltage 
applied to bias the device to the on state. 


The dc voltage between the drain and substrate 
terminals. 


The dc voltage between the gate and source terminals. 


The dc voltage between the gate and source terminals 
of such polarity that an increase in its magnitude 
causes the channel resistance to decrease. 


The dc voltage between the gate and source terminals 
of such polarity that an increase in its magnitude 
causes the channel resistance to increase. 


The reverse gate-source voltage at which the 
Magnitude of the drain current of a depletion-type 
field-effect transistor has been reduced to a specified 
low value. 


The forward gate-source voltage at which the 
magnitude of the drain current of an 
enhancement-type field-effect transistor has been 
increased to a specified low value. 


The de voltage between the gate and substrate 
terminals. 


See page 1-6. 


The de voltage between the source and substrate 
terminals. 


The ratio of rms drain current to rms gate-source 
voltage with the drain terminal ac short-circuited to 
the source terminal. 


The ratio of rms gate current to rms gate-source 
voltage with the drain terminal ac short-circuited to 
the source terminal. 


The ratio of rms drain current to rms drain-source 
voltage with the gate terminal ac short-circuited to 
the source terminal. 
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GLOSSARY 
FIELD-EFFECT TRANSISTORS 


a 


Symbol Term Definition 

Yrs common-source small- The ratio of rms gate current to rms drain-source 
signal short-circuit voltage with the gate terminal ac short-circuited to 
reverse transfer the source terminal. 
admittance 

Yfs(imag)- common-source small- The imaginary part of the corresponding admittance. 

Yis(imag)- signal (forward transfer, See yfs, Vis, Yos) and yrs. Symbols in the forms 

Yos(imag)- input, output, reverse Yxx(imag) and by, are equivalent. 

Yrs(imag) transfer) susceptance 

Yfs(real)- common-source small- The real part of the corresponding admittance. See 

Yis(real)- signal (forward transfer, Yfs- Vise Yos, aNd yrs. Symbols in the forms yxx (real) 

Yos(real)- input, output, reverse and gxx are equivalent. 

Yrs(real) transfer) conductance 


rr 
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STANDARDS 


SEMICONDUCTOR STANDARDS DOCUMENTS 


Following are sources of standards material relating to low-power transistors and diodes: 


EIA and JEDEC Standards 
Electronic Industries Association 
2001 Eye St. N.W. 


Washington, D.C. 20006 
Telephone: 202-659-2200 


Registered Outlines and Gauges for Semiconductor Devices—JEDEC Publication No. 12 
Preferred Lead Configurations for Field-Effect Transistors—JEDEC Publication No. 69A 


JEDEC Recommendations for Letter Symbols, Abbreviations, Terms, and Definitions for Semiconductor Device 
Data Sheets and Specifications—JEDEC Publication No. 77 


Recommended Practice for Measurement of Transistor Lead Temperature—JEDEC Publication No. 84 
Quality Program Requirements for Solid-State Device Manufacturers—JEDEC Publication No. 85 
Standard Test Methods for Electronic Component Parts—E1A Standard RS-186-C 


Test Methods for the Collector-Base Time Constant and the Resistive Part of the Common-Emitter Input 
Impedance—ElA Standard RS-284 


Forward Transient Measurement on Semiconductor Diodes—E1A Standard RS-286 

Measurement of Small-Signal HF, VHF, and UHF Power Gain of Transistors—EIA Standard RS-306 
Voltage Regulator Diode Noise Voltage Measurement—ElA Standard RS-307 

Measurement of Transistor Noise Figure at MF through VHF—EIA Standard RS-311A 

Measurement of Reverse Recovery Time for Semiconductor Diodes—EIA Standard RS-318 
Characterization of a Reverse Recovery Test Fixture—EIA Standard RS-318-1 

Thermal Equilibrium Conditions for Measurement of Diode Static Parameters—ElA Standard RS-320 


Numbering of Electrodes in Multiple Electrode Semiconductor Devices and Designation of Units in Multiple Unit 
Semiconductor Devices—E1A Standard RS-321A 


The Measurement of IC;ei—E1A Standard RS-340 


The Measurement of Transistor Noise Figure at Frequencies up to 20 kHz by Sinusoida! Signal-Generator 
Method—EIA Standard RS-353 


Measurement of Transistor Equivalent Noise Voltage and Equivalent Noise Current at Frequencies up to 
20 kHz—EIA Standard RS-354 


Designation System for Discrete Semiconductor Devices—E1A Standard RS-370 


The Measurement of Small-Signal VHF-UHF Transistor Short-Circuit Forward Current Transfer Ratio—ElA 
Standard RS-371 


The Measurement of Small-Signal VHF-UHF Transistor Admittance Parameters—EIA Standard RS-372 
Method of Diode “OQ” Measurement—EIA Standard RS-381 

Measurement of Small Vatues of Transistor Capacitance—ElA Standard RS-398 

Method of Direct Measurement of Diode Stored Charge—JEDEC Suggested Standard No. 1 


The Measurement of Small-Signal Transistor Scattering Parameters—JEDEC Tentative Standard No. 10 
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International Electrotechnical Commission (IEC) Standards 
American National Standards Institute, Inc. 
1430 Broadway 
New York, N.Y. 10018 
Telephone: 212-868-1220 
Publication 147: Essential Ratings and Characteristics of Semiconductor Devices and General Principles of 
Measuring Methods. 


Part 0 — General and Terminology 

Part 1 — Essential Ratings and Characteristics 
Part 2 — General Principles of Measuring Methods 
Part 3 — Reference Methods of Measurement 


Publication 148: Letter Symbols for Semiconductor Devices and Integrated Microcircuits 


Publication 191: Mechanical Standardization of Semiconductor Devices 


Military Standards 

Commanding Officer 

U.S. Naval Publications and Forms Center 
5801 Tabor Avenue 

Philadelphia, Pa. 19120 


MIL-S-19500: Semiconductor Devices, General Specification for 
MIL-STD-105: Sampling Procedures and Tables for Inspection by Attributes 
MIL-STD-202: Test Methods for Electronic and Electrical Component Parts 
MIL-STD-750: Test Methods for Semiconductor Devices 

MIL-STD-883: Test Methods and Procedures for Microelectronics 
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TRANSISTOR SELECTION GUIDES 


These guides are arrayed into families according to transistor structure and applications. These families are: 


FAMILY GUIDE Page 
N-P-N Low-Level Amplifiers 2 2 6 6 6. 0 ee ee ew ee ee ee wD 
P-N-P Low-Level Amplifiers 2... 6 0 ee ee ee ee ee ee es Sieh he See 
N-P-N High-Voltage Amplifiers 2 6 6 6 6 ee ee ee ee ee ee 2B 
P-N-P —_ High-Voltage Amplifiers ........ cee tad we we waa ee a aE al 28 
N-P-N High-Frequency Amplifiers 2 2 2 2 1 6 6 0k ee ee ee aM 
P-N-P High-Frequency Amplifiers 2. 2 6. 2 0 ee ee ee ee ee 2M 
N-P-N General Purpose 6. www ee ee ee 2B 
P-N-P General Purpose. www eee ee ee 27 
N-P-N Switches 2... 1. 1. ee ee te ee ee Be 2 Ae Ay cae Ue the Gave ean eee 
P-N-P Switches. cg ee Bo ee ee ee eee 2810 
N-P(N “Choppers i450 4006 Ad Was Ws OP a A ee ee ba e eA 
P-N-P Choppers: cer cis, eo tai Go ce ee ae ER Se ek we ae, eet 
N-P-N Matched Duals 2. 2 6 6 1 ee ee ee ee ee i toe) fae Got te AZ 
P-N-P Matched Duals . 2. 2 1 1 ee et ee te te ee ee ee ew ee 22 
N-P-N. Unmatched Duals 2... 2 we we ee ee ee ee ee ee ee ee 2298 
P-N-P Unmatched Duals 2 6 6 1 6 ee ee ee ee ee eee 2D 


N-P-N and 

PINEP. “Quads. gs kid oe RNR a ee pe a SSS OS RE aR ae ep ae 
JFET N-Channel Low-Frequency, Low-Noise Amplifiers .. 2... ....- 5+... 2-44 
JFET P-Channel Low-Frequency, Low-Noise Amplifiers 2... 2... 6 1 ee ee ee 214 
JFET N-Channel General Purpose Amplifiers . 2 2 6 6 6 6 ee ee ee ee ee ee 2G 


JFET P-Channel General Purpose Amplifiers . 2. 2... 6. ee ee ee ets oe. 2-16 
JFET High-Frequency Amplifiers 2 2 6 6 6 6 ew ee ee ee 26 
{GFET High-Frequency Amplifiers 2... 2 6 1 eee ee eee 216 
JFET N-Channel Switches and Choppers. 1 6 6 ww ee ee ee ee ee DN 
JFET P-Channel Switches and Choppers bth: aby vd, Yor Sy uty oi) WS Coe Mel, BY ates So nekit Saket Sa eT 
IGFET N-Channel Switches and Choppers . 2. 2. 1 ee ee ee ee ew ee 2B 
IGFET P-Channel Switches and Choppers 5 ww 1 ww ee ee ee 28 
JFET Duale. "2: bie 4 oe ca eae dp Nd op eh alt ale tbe dn a dh. Stele Se Gee oe 22218 
IGFET > Duals: ccc aes ee ee a pica a a a eee le eid er a ag 2B 
Unijunction, Conventional 2 6 6 6 ee ee ee ee 2D 
Unijunction, Programmable . 2 6 2 6 6 we ee ee ee er tad pote oe oe late HLETY 


The tabular entries within these families are not made on the usual manner of increasing type number, which would 
have little inherent utility, but rather are ranked by the most-significant electrical characteristic of that family. Where 
there is more than one transistor type having the identical primary characteristic, the types within that group are 
further ranked by a secondary characteristic, and so on. 


This form of organization works most efficiently when the user's selection criteria coincides with the organizational 
lay-out, but should not present undue difficulties if it does not. 


It should be noted that the entries are nonexclusive; that is a transistor type may appear in more than one family if its 
specifications so dictate. 


Grown-junction transistors and certain other types not recommended for new design do not appear in these guides. 


TRANSISTOR SELECTION GUIDES 


N-P-N LOW-LEVEL AMPLIFIERS 
NOISE FIGURE 
F @f DEVICE 
F (NOISE BW) 

MAX *See page 2-20. 


PACKAGE* 


2N2432A 
FB (15.7 kHz) 2N929 
4dB @ 1 kHz 
3dB (15.7 kHz) 
3. dB @ 1 kHz 


15 dB @ 10 Hz 2N3117 
15 dB @ 10Hz 2N4104 
3dB (15.7 kHz) 2N5209 
FadB (15.7 kHz) A5T5209 
BB (15.7 kHz) A8T3707 
BdB (15.7 kHz) 2N3707 
Bd6 (15.7 kHz) AS5ST3707 
TdB (15.7 kHz) 2N5210 
2d (15.7 kHz} AST5210 
2dB @ 1 kHz TiS94 
2dB @ 1 kHz TIS97 
A8T3709 
2N3709 
A5T3709 
A8T3708 
2N3708 
A5T3708 
A8T3710 
2N3710 
A5T3710 
TIS95 
Tis98 
AST3565 
A8T3711 
2N3711 
A5T3711 
2N5219 
A5T5219 
2N5223 
A5T5223 
A5T3392 


5 dB (15.7 kHz) 
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P-N-P LOW-LEVEL AMPLIFIERS 


NOISE FIGURE 
ViBR)ICEO F @t DEVICE 
MIN F (NOISE BW) TYPE 
MAX 


45V 4B (15.7 kHz) A5T2604 
45V dB (15.7 kHz) 2N2604 
45V SadB (15.7 kHz) A5T2605 
45V 3dB (15.7 kHz) 2N2605 
60 V 3d8 @ 1kHz 2N3962 
80 V 3dB @ 1 kHz 2N3963 
30V 5 dB (15.7 kHz) 2N4058 
30 V 5 dB (15.7 kHz) AST4058 
45V 2dB @ 1 kHz 2N3964 
60V 2dB @ 1 kHz 2N3965 
40V A5T4248 
60 V 3dB @ 1 kHz A5T4249 
30V BdB (15.7 kHz) A8T4058 
50 V 3dB @ 1 kHz 2N5086 
50 V 3dB @ 1 kHz AST5086 
40V 2dB @ 1 kHz AST4250 
50 V 2d8 @ 1 kHz 2N5087 
50 V 2dB @ 1 kHz AST5087 
60 V 3dB @ 1 kHz 2N3798 
60 V 1.5 dB @ 1 kHz 2N3799 
32V TIS38 
32V TIS138 
35V 2N2946 
20 V 2N2945 
32V 2.5 dB typ @ 1 MHz TIS37 
32V 2.5 dB typ @ 1 MHz TIS137 
30V A8T4060 
30V 2N4060 
30V AST4060 
30V A8T4059 
30V 2N4059 
30V AS5T4059 
35V 2N2946A 
20V 2N2945A 
10V 2N2944 
30V A8T4061 
30V 2N4061 
30V AST4061 
10V 2N2944A 
30V A8T4062 
30V 2N4062 
30V A5T4062 
30V AST5227 
30V 2N5227 
24V A8T404 
35V A8T404A 
24v AST404 
35V AST404A 


*See package drawings on page 2-20. 
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N-P-N HIGH-VOLTAGE AMPLIFIERS 


ViGRICEO hee 
MIN MIN-MAX 


2N5550 
AST5550 
2N3114 
TIS101 


*See package drawings on page 2-20, 
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TRANSISTOR SELECTION GUIDES 


N-P-N HIGH-FREQUENCY AMPLIFIERS 


ViBR)CEO CAPACITANCE DEVICE PACKAGE* 
MIN PARAMETER MAX TYPE 


12V TIS64A 

45V TIS106 ve 
30V TIS84 AAA 
30V TIS108 AAA 
12V TIS63A AAA 
30V TIS125 AAA 
16V 2N6222 TO-92 


15 V 
12V 
30V 
46V 
15V 
15 V 
18V 
18V 
18V 
18V 
4ov 
25V 


AGT5222 


13 V A5T3572 
13V 0.85 pF 2N3572 
15V Ccb . 0.85 pF A5T3571 
16V Ccb 0.85 pF 2N3571 


16V 0.75 pF 2N3570 


ViBRICEO CAPACITANCE DEVICE 
PACKAGE* 
PARAMETER MAX TYPE ACKAS 


32V TIS38 P24 
32V TIS138 P24 
32V TIS37 P24 


32V TIS137 
118128 
2N4260 
AST4260 
2N4261 


AST4261 


P24 


*See package drawings on page 2-20. 
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N-P-N GENERAL PURPOSE 


15V 2N5220 
15Vv AST5220 
20V A8T3706 
20V 2N3706 
20V - 2N5451 
25V AS5T3565 
25V AST4124 
25V 2N4124 
25V 

25V 

25V 

25V 

25V 

25V 

25V 

25V 

25V A8T3391A 
25V A5T5172 
25V A7T5172 | 
25V A8T5172 
25V 2N5225 
25V AST5225 
30V AST4123 
30V 2N4123 
30V 2N5526 
30V 2N5525 
30V A8T3705 
30V 2N3705 
30V 

30V 

30V 

30V 

30V 2N2217 
30V 22220 
30V 2N2218 
30V 2N2221 


2N2219 
Q2T2222 
A5T2222 
2N2222 


*See package drawings on page 2-20. tViBRICEO approximated from VigR)CER- 
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N-P-N GENERAL PURPOSE (Continued) 


40V 

40V 

40V 

40V 

40V 

40 vt 

40V 

40V 
2N2194A 
2N697 
2N718 
2N718A 
2N731 
2N1613 
2N2218A 
2N2221A 
TIS110 
2N3053 
TIS111 
2N1711 
A5T2192 
2N2192 
2N2192A 
2N2219A 
2N2222A 
2N2270 
2N4409 
A5T4409 
A5T2193 
2N2193 
2N2193A 
TIS95 
TISOB 
2N1566 
2N1975 
2N912 
2N911 
2N1974 
2N910 
2N1973 


2N719A 
2N6399 
2N720 
2N870 
*See package drawings on page 2-20. tVipR)cEO approximated from V(gR)CcER- ¥V(er)cerR 
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TRANSISTOR SELECTION GUIDES 


ViBRICEO 
MIN 
60V 
60V 
60V 
66 V 
65V 
65 V 
66 V 
80V 
80V 


80V 
80 V 
8o0V 
80 Vv 
80V 


N-P-N GENERAL PURPOSE (Continued) 


2N2243A 
2N3036 


ViBRICEO fy 
MIN MIN 


18V 
15V 
26V 
25V 
26V 
26V 
265V 
25 V 
26V 
25V 
25V 
30V 
30V 
30V 
30V 
30 V 
35V 
35V 
36V 
36V 
35 V 
40V 
40V 
40V 
40V 
40v 
40vV 
40vV 
40V 


*Sea package drawings on page 2-20. 
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P-N-P ali PURPOSE (Continued) 


ViBRICEO DEVICE : 
TO-65 


2N2904 

2N2906 TO-18 ie 
2N3485 P20 
A5T4402 P20 
2N4402 P20 
TIS112 P20 
Q2T2905 P20 
2N2905 P20 
A6T2807 P20 
2N2907 P20 
2N3486 P20 


A5T4403 


P20 
P20 


2N3250A 
2N3251A 
A8T4026 
A5T4026 
2N4026 

2N4030 

A8T4028 
AS5T4028 
2N4028 

2N4032 

2N2904A 
2N2906A 
2N3485A 
2N2905A 
2N2907A 
2N3486A 
2N3503 

A5T3505 
2N3505 
A5ST3645 
A8T4027 
AS&T4027 
2N4027 
2N4031 
A8T4029 
AST4029 


100-300 
100 mA 40-120 
100 mA 40-120 
40-120 


2N4029 
2N4033 


*See package drawings on page 2-20, 
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N-P-N SWITCHES 
SWITCHING TIMES 
packs PACKAGE* 

TYPE 

40V 0.2V@10mA A6T3903 

40v 0.2V@10mA 2N3903 

40v 0.2V@10mA A6T3904 

40V 0.2V@10mA 2N3904 


0.3V@50mA 
0.3V@50mA 


2N4123 
A5T4123 
2N4124 

A5T4124 
T1S110 
TIS111 
2N2218A 
2N2219A 
2N2221A 
2N2222A 
2N2637 
2N2538 
2N2539 
2N2540 
T1S109 
2N2217 


32 typ ns 
10 mA 22 typ ns 32 typ ns 
32 typ ns 


0.4 V @ 150 mA 
0.4 V @ 150 mA 
0.3 V @ 150 

0.3 V @ 150mA 
0.3 V @ 150 mA 
0.3 V @ 150 mA 
0.45 V @ 150 mA 
0.45 V @ 150 mA 
0.45 V @ 150 mA 
0.45 V @ 150 mA 
0.4 V @ 150mA 
0.4 V @ 150 mA 


113 typ ns 
113 typ ns 


150 mA 2typns = 113 typ ns 0.4 V @ 150 mA 2N2218 
150 mA 20 typ ns 113 typ ns 0.4 V @ 150 mA 2N2219 
20 typ ns 113 typ ns 0.4 V @ 150 mA 2N2220 


20 typ ns 0.4 V @ 150 mA 
0.4 V @ 150 mA 
0.4 V @ 150 mA 
0.4 V @ 150 mA 
0.65 V @ S00 mA 
0.72 V @ 500 mA 
0.66 V @ 500 mA 
0.72 V @ 500 mA 
0.42 V @ 500 mA 
0.52 V @ 800 mA 
0.62 V @ 500 mA 
0.42 V @ 500 mA 
0.52 V @ 500 mA 
1V@500mA 
0.5 V @ 500 mA 
0.6 V @ 500 mA 
0.6 V @ 500 mA 
O.75V@IA 
O9V@IA 
O9V@1IA 
OSV@ITA 
1V@1A 


113 typ ns 2N2221 


TO-116 
AAA 
TO-18 
AAA 


TIS134 
TIS135 
TIS136 
2N3724 
Q2T3726 
2N3726 
2N4013 
2N4014 
2N3015 
2N3252 
2N3263 
2N3444 


“See package drawings on page 2-20. 
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SWITCHING TIMES 


@lc ton 
MAX 


70 ns 
26 typ ns 
26 typ ns 
26 typ ns 


50 ns 
50 ns 
50 ns 


19 typ ns 
19 typ ns 
40 ns 
40ns 
40 ns 


*See package drawings on page 2-20. 


toff 
MAX 


P-N-P SWITCHES 


ViBR)CEO 
MIN 


15V 
40V 
60V 
40vV 
60V 
40V 
40V 
40V 
40V 
30V 
30 V 
25V 
25V 
20V 
12V 
12V 
40V 
40Vv 
40V 
40V 
40V 
40V 
60V 
40V 
40V 
60V 
40V 
60V 
40V 
40V 
60V 
40V 
60 V 
40V 
60V 
35V 
35V 
45V 
60V 
45V 
60V 
45V 
60V 
45Vv 
60V 
26V 
25V 
40V 


TEXAS, 


0.15V@10mA 
0.25 V@10mA 
0.25 V @ 10 mA 
0.25 V @10mA 
0.25 V@ 10 mA 
0.25 V @ 10 mA 
0.25 V @ 10mA 
0.25 V@10mA 
0.25 V@ 10 mA 
04V @50mA 

0.4 V @ 50 mA 

0.4 V @50mA 

0.4V @50mA 

0.18 V@30mA 
0.2V @30mA 

0.2V @30 mA 

0.4 V @ 150 mA 
0.4 V @ 150 mA 
0.4 V @ 150 mA 
0.4 V @ 150 mA 
0.4 V @ 150 mA 
0.4 V @ 150 mA 
0.4V @ 150 mA 
0.4 V @ 150 mA 
0.4 V @ 150 mA 
0.4 V @ 150 mA 
0.4 V @ 150 mA 
0.4 V @ 150 mA 
0.4V @ 150 mA 
0.4 V @ 150 mA 
0.4 V @ 150 mA 
0.4 V @ 150 mA 
0.4V @ 150 mA 
0.4V @ 150 mA 
0.4 V @ 150 mA 
1.5 V @ 150 mA 
1.5 V @ 150 mA 
1V @300 mA 

1V @300mA 

1V @300mA 

1V @300 mA 

1V @300 mA 

1V @300 mA 

1V @300 mA 


DEVICE 
TYPE 


2N3576 
2N3250 
2N3250A 
2N3251 
2N3251A 
AST3905 
2N3905 
AS5T3906 
2N3906 
A5T4125 
2N4125 
AST4126 
2N4126 
2N3829 
2N3012 
2N2894 
A5T4402 
2N4402 
A5T4403 
2N4403 
TIS112 
2N2904 
2N2904A 
Q2T 2905 


AST3505 
2N3504 
2N3505 
AST3644 
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TRANSISTOR SELECTION GUIDES 


P-N-P SWITCHES (Continued) 


SWITCHING TIMES 


ton 
MAX 


toft 
Fel MIN 
50V 
50V 
40V 
40v 
60V 


60V 


OFFSET VOLTAGE 


VECIofs) 
VEtE2Iofs)§ © Ip 
MAX 

§50 uV @1mA 
§100 nV @7mA 
§50 nV @1mA 
§200 nV @ 1 mA 
§100uV @1mA 
§200 nV @ 1 mA 
0.7 mV @1mMmA 
TmV@1mA 
ImV@1mMmA 


ON-STATE 
RESISTANCE 


Fecton) 
Tete2® 


OFFSET VOLTAGE 

VEC(ofs) 

VetE2(ofs)® @ tp 

MAX 

§30uV @1 mA 
§30 nV @ 1 mA 
§150”nV @1mA 
§150 nV @1 mA 
0.6 mV @1mA 
0.6 mV @1mA 
ImV@1iMmA 
ImV@1mMA 


ON-STATE 
RESISTANCE 


ecton} 


*See package drawings on page 2-20, 


TEXAS INSTRUMENTS 


Vi(BR)CEO 


0.6 V @ 500 mA 
0.6 V @ 500 mA 
0.5 V @ 500 mA 
0.5 V @ 500 mA 
0.5 V @ 500 mA 
0.5 V @ 500 mA 
0.5 V @ 500 mA 


0.5 V @ 500 mA 
0.5 V @ 500 mA 
0.5 V @ 500 mA 
0.5 V @ 500 mA 
0.5 V @ 500 mA 
0.5 V @ 500 mA 
0.5 V @ 500 mA 
0.5 V @500mA 
0.5 V @ 500 mA 


N-P-N CHOPPERS 


DEVICE 
TYPE 


Viprieso 
MIN 


18V 

18V 

12V 

18V 
3N78 
3N79 
2N2432A 
2N2432 
2N4138 


DEVICE 
TYPE 


VipR)EBO 
MIN 


INCORPORATED 


DEVICE 
TYPE 


2N3468 
2N3245 
Q2T3244 
2N3244 


POLARITY 


NPN 
NPN 
NPN 
NPN 
NPN 


NPN 
NPN 
NPN 
NPN 


POLARITY | PACKAGE* 
PNP 
PNP 
PNP 
PNP 


2-11 


POST OFFICE BOX $012 ¢ DALLAS, TEXAS 75222 


2-12 


TRANSISTOR SELECTION GUIDES 


N-P-N MATCHED DUALS 


10 a 2N2639 

20 uv °C 2N2640 

BeVv?C 2N2915A 
5 VC 2N29194 
10 uVPC 2N2919 
10 uv °C 2N2974 
10 uv/PC 2N2915 
10 pV/°C 2N2978 
2N2917 
2N2976 
2N2642 
2N2643 
2N2920A 
2N2916A 
2N2916 

2N3680 

2N2920 
2N2975 
2N2979 
2N2918 
2N2977 


10 uVPC 
10 wv /°C 
10 nV/°C 
20 pV °C 
20 uv °C 


25 uVPC 2N2223A 
25 wv PC 2N2223 
10 nV/°C 2N2060 


10 nV/°C 2N2453 


P-N-P MATCHED DUALS 


h AVBE 

F 

E aVeE DEVICE cenit 

@lc MIN-MAX TYPE 

es = = 


20 nV/°C 2N3348 
40 xV/°C 2N3349 
10 uC 2N3360 
10 uA 100-300 7 20 uv/°C 2N3351 
10 uA 100-300 i 40 u/c 2N3352 
100 uA 20-120 : 10 pV /C 2N2802 
100 nA 20-120 i 20 wV/°C 2N2803 
100 pA 40-120 2N2805 


100 pA 40-120 2N2806 
100 pA 150-450 2N3810 
100 nA 150-450 2N3808 


100 pA 300-900 0: 73 3mV | 10uV/PV 2N3811 
100 pA 300-900 0.8 5SmV | 20uvPvV 2N3809 


*See package drawings on page 2-20. 
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TRANSISTOR SELECTION GUIDES 


N-P-N UNMATCHED DUALS 
F (Noise BW) 


NOISE FIGURE 
MIN TYPE 
MAX 
45V 7d (15.7 kHz) NPN 
45V 4dB @ 1 kHz NPN 
45V 4.dB @1 kHz NPN 
45V 4dB (15.7 kHz) NPN 


45V 3dB @ 1 kHz NPN 
45V 3dB @ 1 kHz NPN 
15V 6 dB @ 60 MHz NPN 


40V 


40V TIS92M NPN 
30V D2T2218 NPN 
40V 

40V 8 dB @ 1 kHz 

30V 

40V 

40V 8 dB @ 1 kHz 


P-N-P UNMATCHED DUALS 


NOISE FIGURE 
DEVICE 
POLARITY 
pie ARI 
PNP 


Fef 
F (Noise BW) 
MAX 


V(BR)CcEO 
MIN 


20V 4B (15.7 kHz) 

20V 4B (15.7 kHz) PNP 
60V 3dB @ 1 kHz PNP 
60V 1.5 dB @ 1 kHz PNP 

40V PNP 
40Vv PNP P20 

40V PNP P20 ; 
40v 8 dB @ 1 kHz N24, P20 | 


60V 
40V 
40V 8 dB @ 1 kHz 
60V 


N-P-N AND P-N-P QUADS 
ViBRiceo DEVICE 
30V 150 mA 100-300 0272222 oS ae 
Pe mnttia (DUAL-IN-LINE 
40V 0272905 pLacrici | 
40V 0273244 
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JFET N-CHANNEL LOW-FREQUENCY, LOW-NOISE AMPLIFIERS 


V(BR)GSS DEVICE 
MIN TYPE 


NOISE FIGURE 
Faf 
MAX 

1.5 dB @ 10 Hz 
1.5 dB @ 10 Hz 
2.5 dB @ 100 Hz 
2.5 dB @ 10 Hz 
2.5 dB @ 100 Hz 
2.5 dB @ 10 Hz 
5 dB @10Hz 

5 dB @ 10 Hz 

5 dB @ 10 Hz 

5 dB @ 10 Hz 

4 dB @ 20 Hz 

4 dB @ 20 Hz 

6 dB @ 20 Hz 

2.5 dB @ 100 Hz 

2.5 dB @ 100 Hz 

2.5 dB @ 100 Hz 

2.5 dB @ 100 Hz 

2.5 dB @ 100 Hz 

2 dB @ 1000 Hz 

2 dB @ 1000 Hz 

2 dB @ 1000 Hz 

2 dB @ 1000 Hz 

2 dB @ 1000 Hz 


NOISE FIGURE 
Fef 
MAX 

5 dB @ 10 Hz 
5 dB @ 10Hz 

2.5 dB @ 100 Hz 

2.5 dB @ 100 Hz 

2.5 dB @-100 Hz 

2.5 dB @ 100 Hz 

2.5 dB @ 100 Hz 

2.5 dB @ 100 Hz 

3 dB @ 1000 Hz 

3 dB @ 1000 Hz 

3 dB @ 1000 Hz 

3 dB @ 1000 Hz 

3 dB @ 1000 Hz 

3 dB @ 1000 Hz 

4 dB @ 1000 Hz 

4 dB @ 1000 Hz 


loss 
MIN-MAX 


5 mA-20 mA 
15 mA-50 mA 
0.8 MA-1.6 mA 

5 mA-20 mA 
9mA-18 MA 
15 mA-50 mA 
0.5 MA-2.5 mA 
0.5 mA-2.5 mA 


' 2mA-10mA 


2 mA-10 mA 
0.2 mA-1 mA 
0.8 mA-4 mA 

3 mA-15 mA 
0.5 mA-1 mA 
1.5 mMA-3 mA 
2.5 mMA-5 MA 

4mA-8mA 

7mA-14 mA 
2.5 mMA-5 mA 
4mA-8mA 
7mA-13 mA 
10 mA-15 mA 
12 mA-18 mA 


'pss 
MIN-MAX 


1mA-6 mA 
1mA-6 mA 
1mA-5 mA 
1mA-5 mA 
2mA-9 mA 
2mA-9 mA 
4mA-16 mA 
4mA-16 MA 
0.9 MA-4.5 MA 
1mA-3 mA 
tmA-3 mA 
2mA-6 mA 
2mA-6 mA 
2mA-10 mA 
5 mA-15 mA 
5mA-15 mA 


“See package drawings on page 2-20. 


TRANSISTOR SELECTION GUIDES 


CHANNEL 
POLARITY 


V(BR)GSS 


[Vipr)oGo! 
MIN 


CHANNEL 
POLARITY 


2N2608 
2N2497 
2N3329 
2N2498 
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TRANSISTOR SELECTION GUIDES 


JFET N-CHANNEL GENERAL PURPOSE AMPLIFIERS 


V(BR)GSs DEVICE CHANNEL 
MIN TYPE POLARITY 
1-3 mmho @ 1 kHz 40V 2N5358 


0.5 mA-3 mA 1-4 mmho @ 1 kHz 30V 
0.5 MA-3 mA 1-4 mmho © 1 kHz 30V 
0.8 MA-1.6 mA 1.2-3.6 mmho @ 1 kHz 40V 
1.4-4.2 mmho @ 1 kHz 40V 
2mA6 mA 2-6 mmho @ 1 kHz 30V 
2mA-6 mA 2-5 mmho @ 1 kHz 30V 2N4221A 
2mA-10mA 0.6-3 mmho @ 1 kHz 200 V AST6450 
2mA-10mA 0.5-3 mmho @ 1 kHz 200 V 
2mA-10 mA 0.5-3 mmho @ 1 kHz 300 V 
2mA-10mA 0.5-3 mmho @ 1 kHz 300 V 
2mA-10 mA 36.5 mmho @ 1 kHz 50V 
2mA-10 mA 3-6.5 mmho @ 1 kHz 50V 
2mA-20 mA 2-6.5 mmho @ 1 kHz 25V 
2.5 MA-5 mA 1.5-4.5 mmho @ 1 kHz 40V 
2.6 mMA-5 MA 2-6.5 mmho @ 1 kHz 30V 
2.5 mA-8 mA 4 typ mmho @ 1 kHz 25V 
4mA-8 mA 2-5.5 mmho @ 1 kHz 40V 
4mA-8mA 2-6.5 mmho @ 1 kHz 30V 
5 mA-15 mA 2.5-6 mmho @ 1 kHz 30V 


5 mA-16 mA 
6 mA-25 mA 
7MA-13 MA 
7 mA-14 mA 
9 mMA-18 MA 


2.5-6 mmho @ 1 kHz 
4.8 typ mmho @ 1 kHz 
3.6-6.6 mmho @ 1 kHz 
2.5-6 mmho @ 1 kHz 
2.7-6.5 mmho @ 1 kHz 


2N4222A 
TIS&9 

2N5951 
2N5363 


10 mA-15 mA 3.5-7.6 mmho @ 1 kHz 
12 mA-18 mA 3.5-7.5 mmho @ 1 kHz 
12 mMA-24 mA 


12 mA-24 mA 


AN 
Ipss Vieriess DEVICE CHANNEL PACKAGE* 
MIN-MAX MIN TYPE POLARITY 


0.3 mMA-15 mA 0.8-5 mmho @ 1 kHz 20V 2N3820 P 
20V 2N3909 P 
40V 2N5460 P 
40V AST5460 P 


0.3 mMA-15 mA 1-5 mmho @ 1 kHz 
1mA-5 mA 1-4 mmho @ 1 kHz 
1mA-5 mA 1-4 mmho @ 1 kHz 


1 mA-15 mA 2.2-5 mmho @ 1 kHz 20V 2N2386A P 
1mA-15 mA 2.2-6 mmho @ 1 kHz 20V 2N3909A P 
2mA-9 mA 1.5-6 mmho @ 1 kHz 40V P | 
2mA-9 mA 1.5-6 mmho @ 1 kHz P 


40V 
4 mA-16 mA 40V 2N5462 
4mA-16 mA 40V AST5462 
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TRANSISTOR SELECTION GUIDES 


JFET HIGH-FREQUENCY AMPLIFIERS (N-CHANNEL) 


NOISE FIGURE GAIN 
Gps Of PACKAGE* 
MIN 


Fef 


MAX 
4 mmho @ 400 MHz 4 dB @ 400 MHz 10 dB @ 400 MHz 2N4416 TO-72 JN53 
4 mmho @ 400 MHz 4dB @ 400 MHz 10 dB @ 400 MHz 2N4416A TO-72 JN53 
2.5 mmho @ 400 MHz 2N5246 AAA JN63 


4 mmho @ 400 MHz 4d8 @ 400 MHz 10 dB @ 400 MHz 
4 mmho @ 400 MHz 
5.5 mmho @ 450 MHz 3.6 dB @ 460 MHz 15 dB @ 450 MHz 

5 mmho @ 460 MHz 
0.8 mmho @ 100 MHz 2.5 d8 @ 100 Hz 
0.9 mmho @ 100 MHz 2.5 dB @ 100 Hz 
1.4 mmho @ 100 MHz 2.6 dB @ 100 Hz 
1.7 mmho @ 100 MHz 2.5 dB @ 100 Hz 
1.7 mmho A 200 MHz 
1.9 mmho @ 100 MHz 
2.1 mmho @ 100 MHz 
2.2 mmho @ 100 MHz 
2.7 mmho @ 200 MHz 

3 mmho @ 200 MHz 
3.2 mmho @ 200 MHz 2.5 dB @ 100 MHz 
3.2 mmho @ 200 MHz 2.6 dB @ 100 MHz 


, 
NOISE FIGURE GAIN 
EVI 
Fof Gy, Of yale PACKAGE* 
MAX MIN 


4 dB @ 45 MHz 25 dB @ 45 MHz 

6 dB @ 45 MHz 20 dB @ 45 MHz 
4.5 dB @ 200 MHz 15 dB @ 200 MHz 
15 dB @ 200 MHz 
14 dB @ 450 MHz 
17 dB @ 200 MHz 
27 dB @ 45 MHz 


2N5245 AAA 


2.6 dB @ 100 Hz 
2.6 dB @ 100 Hz 
2.6 dB @ 100 Hz 
5 dB @ 200 MHz 


10 dB @ 200 MHz 


7-17 mmho @ 1 kHz 
7-18 mmho @ 1 kHz 
8-20 mmho @ 1 kHz 
820 mmho @ 1 kHz 
10-22 mmho @ 1 kHz 
10-22 mmho @ 1 kHz 
15-35 mmho @ 1 kHz 4 dB @ 45 MHz 
17-40 mmho @ 1 kHz 3.6 dB @ 200 MHz 24 dB @ 200 MHz 


0.06 pF 17-40 mmho @ 1 kHz 21 dB @ 200 MHz TO-72 es 
0.35 pF §-12 mmho @ 1 kHz dB @200MHz | 13.5 dB @ 200 MHz TO-72 


5 dB @ 460 MHz 


*See package drawings on page 2-20. 
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TRANSISTOR SELECTION GUIDES 


JFET N-CHANNEL SWITCHES AND CHOPPERS 


Visricss loss oo 


30V 60- mA 
30V 
30V 
40V 


40V 2N4856A 
40V 2N3970 ‘ 
40V 2N4391 
40V 2N4091 
30V 20-100 mA TIS74 
30V 20-100 mA 2N4860 
30V 20-100 mA 2N4860A 
40V 20-100 mA 2N4857A 
40V 

40V 

30V 

30V 

30V 2N4861A 
40V 2N4858 
40V 2N4858A 
40V 2N3971 
40V 25-75 mA 

40V 8- mA 

40V 5-30 mA 2N3972 
40V 5-30 mA 2N4393 
40V 10-60 mA 


30V 


12-18mA 


30V 10-15 mA 
30V 2: mA 
50V 


50 V 


25V 2N3994 


25V 2N3994A4 
40V 2N5462 
400 2 40V 4-16 MA AST5462 


800 2 1-7.5V 40V 2-9mA 2N5461 road JP71 
800 Q 1-7.5V 40V 2-9mA AST5461 JP71 


*See package drawings on page 2-20. 


TEXAS INSTRUMENTS 2-17. 


ORPORATED 
POST OFFICE BOX 5012 = DALLAS, TEXAS 75222 


TRANSISTOR SELECTION GUIDES 


IGFET N-CHANNEL SWITCHES AND CHOPPERS 


"ds(on) Vesith) ViBR)DSS 
Ni 
50- mA D 


20 2 20V MN84 
352 20V 50- mA 

20V 50- mA 

20V 50- mA 


25V 
25V 


i>) 
D 
D 


20V 


PACKAGE* 


lpss 28st 
MIN-MAX OSS2 


DEVICE 
TYPE 


“See package drawings on page 2-20. 
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TRANSISTOR SELECTION GUIDES 


UNIJUNCTION, CONVENTIONAL 


‘BB DEVICE 
MIN-MAX TYPE 
0.47-0.62 4.7-9.1k2 2N1671B 


0.47-0.62 
0.47-0.62 
0.47-0.80 
0.51-0.62 
0.51-0.62 
0.51-0.62 
0.51-0.62 
0.51-0.62 
0.51-0.62 
0.51-0.69 
0.51-0.69 
0.55-0.82 
0.55-0.82 
0.55-0.82 
0.55-0.82 


4.7-9.1kQ 
4.7-9.1kQ 
4-12k2Q 
4.76.8 kQ 
6.2-9.1 kQ 
4.76.8 kQ 
4.76.8 kQ 
6.2-9.1 kQ 
6.2-9.1 kQ 
49.1k2Q 
4-9.1kQ 


2N1671 
2N1671A 
2N2160 


4.7-6.8 k2Q 
6.2-9.1 kQ 
4.76.8 k2 
4.76.8 kQ 
6.29.1 kQ 
6.2-9.1 kQ 
4.7-9.1kQ 
4.7-9.1k2 
4.76.8 kQ 
4.76.8 kQ 
4.76.8 kQ 
4.7-9.1 kQ 
4-8 kQ 


2N491B 
2N492B 
2N491 

2N491A 


0.56-0.68 
0.56-0.68 
0.56-0.75 
0.56-0.75 
0.62-0.75 
0.62-0.75 
0.62-0.75 
0.68-0.82 
0.68-0.82 


0.70-0.85 4.7-9.1 kQ 
0.70-0.85 4.7-9.1 kQ 
0.74-0.86 4-12k2Q 


0.74-0.86 4-12k2 


Ip @ Rg ly@Rg DEVICE 
MAX MIN TYPE 
1A @10k2 25 uA @ 10k2Q A7T6028 
1 HA @10k2 50 uA @ 10 kQ 2N6118 
1 uA @10k2 50 zA @ 10kQ AST6118 
2 uA @10kQ 50 ZA @ 10k2 2N6117 
2HA @ 10kQ 50 uA @ 10 kn AST6117 
“5 A @ 10k2 70 pA @ 10 ka A7T6027 
5 uA @ 10k2 70 pA @ 10kQ 2N6116 
'SuA @ 10k2 70 uA @ 10 k2 A5T6116 


*See package drawings on page 2-20. 
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TRANSISTOR SELECTION GUIDES 


PACKAGE DRAWINGS 


SHORT CAN VERSION 
OF TO-78 
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Interchangeability 


TRANSISTOR INTERCHANGEABILITY 


These lists of low-power (generally one watt or jess of power dissipation in free-air) transistors are designed to assist the 
design engineer in determining the recommended TI replacement when only the device type number is known. Also included 
is a summary of the significant ratings and electrical characteristics of the referenced types. 


These lists are extensive (approximately 4600 entries) but not definitive. An attempt was made to include all current and 
recently obsolete domestic types, both JEDEC registered and nonregistered. Undoubtedly there are some inadvertent 
omissions. Purposely omitted are the European PROELECTRON types, Japanese 2S types, and “hobbyist” types. 


Careful engineering judgement has been used to provide the recommended TI replacement based on the specifications alone; 
final application might dictate another choice. Equally careful judgement should be used in selecting a replacement except 
where the recommended replacement type number coincides with the referenced type. 


In most cases, the recommended replacement has the same general package as the referenced type; that is, plastic for plastic 
and metal for metal. For plastic-encapsulated devices, the “recommended” replacement has the same or similar terminal 
assignments as the referenced type although this terminal assignment may not be truly preferred. The user may consider this. 


ORGANIZATION 


These interchangeability lists are divided into six broad classes as follows: 


Master List of Registered Types. . 2. 2... 1 eee ee ee ee ee ee ee 8 
Master List of Nonregistered Types . . 2... 1... eee ee ee eee eee eee 3-63 
Registered Field-Effect Transistors . 2 2... 6. ee ee ee ee ee ee eee ee 892 
Nonregistered Field-Effect Transistors . 2... - 2. 2 2 ee ee ee ee ee ee ee F104 
Registered Unijunction Transistors 2... 2.) ee ee ee ee ee ee PTS 
Nonregistered Unijunction Transistors 2. 2 2. 1. ee ee ee ee ee A BV 


The Field-Effect Transistor and Unijunction Transistor lists are subsets of the appropriate Master List, either registered 
or nonregistered. 


Every effort has been made to ensure the accuracy of each entry. However, Ti makes no warranty as to the information 
furnished and the user assumes all risk in the use thereof. 


KEY TO MANUFACTURER CODES 


CR — Crystallonics Division, Teledyne !ncorporated M — Motorola Semiconductor Products 

F — Fairchild Semiconductor Corporation NA — National Semiconductor Corporation 
GE — General Electric Company RC — RCA Corporation 

Gl — General Instrument Corporation SI — Siliconix, Incorporated 


IN — Intersil, Incorporated TI — Texas Instruments Incorporated 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST GF REGISTERED TYPES 


Ta=25°c Yeso Yeeo 


*To = 25°C 
(mW) {V) 


2N2218 
2N243 
2N244 
2N2906 


45 
40 
40 
40 
40 
40 
40 
40 
40 
60 
60 
Kt] 
30 
10 
30 
75 
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TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Pr 
Ta=25°¢ | Veso VYceo 


"Te 25°C 


(Vv) 


BESS /RaSS 


y4 ZZ 
gl esee(eeeel|eeee 


2233 
S27ZzZ 


GP 

GP 

GP 

GP 2N2906 

GP 2N2217 

GP 2N2217 

GP 2N2217 10 
2N2217 
2N2217 
2N2217 
2N2217 


GP 2N2217 
GP 2N2217 
GP 2N2217 


2N2217 


GP 2N2217 
GP 2N2218 
GP 2N2217 


ZZZZ ZZZZ ZZZ 
$333 | 3333 | 3333 $322) 


2N2217 


- 
No OO © oaea a 


8388] 8888] 88s5a 
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TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


2N2217 
2N2217 
2N489 SEE UNUUNCTION INTERCHANGEABILITY LIST 
2N489A SEE UNIJUNCTION INTERCHANGEABILITY LIST 


SEE UNUJUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUJUNCTION INTERCHANGEABILITY LIST 


SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNIJUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 


SEE UNIJUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNJJUNCTION INTERCHANGEABILITY LIST 


SEE UNIJUNCTION INTERCHANGEABILITY LIST 


SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 


SEE UNUUNCTION INTERCHANGEABILITY LIST 


2N2102 
2N3036 
2N3036 
2N2218 


2N2218 
2N2219 
2N2219 
2N2218 


_ 
wa 


2N2218 
2N2102 
2N2102 
2N2102 


$8S8/8sSse)/ ses 
S$8S8/Ssss 


$888 | 883 
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TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Ttan2s°c Voso Voto 


*1¢ = 25°C 
(mw) 


Ss 


2N2270 
2N1893 


33/8888) 8888|/ssss 


2N699 
2N699 
2N2220 
2N2221 


40 

50 

40 

50 

50 

6 

70| 

70 

200 
200 
200 
200 
70 
300 
300 
600 


2N719A 
2N720 
2N720A 
2N721 


5888 |8888| 8888] 8888/8888! 883s] 8888] ssee 


mre ssss|aas 
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POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


39 


GP 
GP 
GP 
GP 


ZzZ29 


222 


Z 


2N337 
2N338 
2N337A 
2N337A 


2N696 
2N697 


2N2221 


2N1893 
2N1893 
2N2220 
2N2220 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Pr 
Ta=25°C Yeso Vceo 
"Te = 28°C 
(mW) 


TEXAS INSTRUM ENTS 


NCORPORATE 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


2N2222 
2N2222 
2N2222 
2N2218A 


2N2222A 
2N2221 
2N2222 
2N718A 


45 
60 
45 
60 
60 
45 
60 
60 
45 
6 
60 
50 
50 
20 
20 
25 
20 
20 
20 
20 
20 
20 
45 
40 
30 
40 
45 
45 
45 
45 
45 
40 
40 
25 
45 
45 
45 
45 
45 
60 


gses|ss88 


3-6 TEXAS INSTRUMENTS 


CORPORATED 
POST OFFICE BOX $012 ¢ DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


faevelescel: | 
~838 ivevleces| ze. [#98 | gs 


2N2906 
2N870 
2N871 
2N2221 


#tesleses| | 


3§88) F583) 88s 


S885 


TEXAS INSTRUMENTS 37: 


INCORPORATED 
POST OFFICE BOX 5012 +» DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


PY 
Ta=25°c Yeso Vcro 


*T¢ = 25°C 
(mW) 


333 


3 


2N2907A 
2N2907A 
2N2907A4 


2N2907A 
2N2907A 
2N2907A 
2N2907A 


2N2907A 
2N2907A 
2N2907A 
2N2907A 


PNP 
PNP 
PNP 
NPN 
NPN 
NPN 
NPN 
NPN 
PNP 
PNP 
PNP 
PNP 
PNP 
PNP 
PNP 
PNP 
PNP 
PNP 


GP 
GP 
GP 
GP 
GP 
GP 
GP 


2N2907A 


2N956 
2N2221 


2N2906 
2N720A 


38 TEXAS. INSTRUMENTS 


NCORPORATED 
POST OFFICE 8OX 5012 * DALLAS, TEXAS 75222 


z 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


50 
50 
30 
5o 
40 
200 
125 
100 


2N2217 
2N2218 
2N2218 
2N2218 


2N698 
2N698 
2N2192 
2N2193 


SSSSlFRVSp ssss 
SSSs ee Bl] sess 


Sie 


S8ss 


TEXAS INSTRUMENTS 39 


NCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


tTa=2s°e Vesa Vero 


*T¢= 25°C 


2N2904 
2N2904 
2N2218 
2N1149 


2N2904 
2N2904 
2N2905A 
2N2905A 


340 TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


2N2537 
2N2537 
2N2537 
2N1131 


2N2222 
2N2537 
2N2537 
2N2537 


2N2537 
2N2218 
2N2218 
2N1420 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


La 


S888/ Sass 


800 
800 
800 
800 
800 
800 
800 
800 
300 
300 
300 
300 
300 
600 
800 
600 
800 
150 
150 
600 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


3-11 


3-12 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


2N2907A 
2N2907A 
2N2907A 
2N2907 


2N2218 
2N2192 
2N5059 
2N1507 


2N2102 
2N2102 
2N2218 
2N2218 


2N2218 
2N13566 
2N698 

2N1893 


$SSS8| Soo08 


$3) 8R2ss(sssse| ssss| suss 


TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX $012 ¢ DALLAS. TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Ta-25°C | Yeso Veto 


*Te = 25°C 
(mw) 


2N1671 


2N1671A SEE UNUJUNCTION INTERCHANGEABILITY LIST 
2N1671B SEE UNUUNCTION INTERCHANGEABILITY LIST 
2N2218 


2N2102 
2N2102 
2N2537 


2N1711 
2N1711 
2N1711 
2N2537 


2N2537 
2N2218 
2N2218 
2N2218 


2N2218 
2N2217 
2N2218 
2N1889 


TEXAS INSTRUMENTS 3-13 


INCORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Py 


2N1890 
2N1893 


2N2243 
2N2219A 
2N2192 
2N2219A 


8888 |8sss 


$$S3/SSSs1s 


$888) 8888) 8833 | ss 


$833|S8ss 


2N2537 
2N2537 
2N2537 
2N2539 


883 


2N2539 
aN2219 
2N1973 
2N1974 


$888) 8838 
5 


8883 
x 


2N1975 
2N2218 
2N2217 
2N2217 


2N2219 
2N2217 
2N2218A 
2N2217 


NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
INPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 


$883) 888s 
[sw [anaes 
BaEE ree $388 


3-14 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Ta=25°C Veso Yeceo 


(Vv) 


3 


2N3114 
2N2270 
2N2217 
2N698 


2N2218 
2N1893 
2N2219A 
2N2060 


88/883 


38 


TEXAS INSTRUMENTS 3-15 


NCORPORATED 
POST OFFICE BOX S012 -¢ DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


ta=25°C Voso VYceo 


"Te = 25°C 


2N2945 
2N2944 
2N2944 
2N2946 


2N2946 
2N2946 
2N2192 
2N2192A 


2N2192A 
2N2193 

2N2193A 
2N2193A 


2N2194 
2N2194A 
2N2194A 
2N2243 


2N2217 
2N2218 


2N2218A 
2N2219 
2N2219A 
2N2220 


$333) 3 
B8ss|ssss|ssse 


3 
2288 | 8888/8888 


SSSR RSaa 


NPN 
NPN 
NPN 
NPN 
PNP 
NPN 
NPN 
NPN 
NPN 
NPN 
NPN 


2N2221 
2N2221A 
2N2222 
2N2222A 


2N2222B 
2N2223 

2N2223A 
2N2218A 


100-300 
50-200 
50-200 
35-115 


g898|8883| 8888/8828 


2N2218 
2N2218 


2N2218 


3-16 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


2N2221 
2N2220 
2N2220 
2N2221 


$8ss|ssssissssl seks 


~ 


joe in ae 
S8ssi/ssselsssa 


88 


Ooan 


N 
o 


w of 
3. 8 


S888 
le 


TEXAS INSTRUMENTS 3-17 


NCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Py 
Ta=2scc Veso Varo 


"To = 25°C 


2N2222A 
2N2193 
2N2193 
2N2194 


2N2193 
2N2193 
2N2386 SEE FET INTERCHANGEABILITY LIST 
2N2386A SEE FET INTERCHANGEABILITY LIST 


2N2387 
2N2308 
2N2389 
2N2390 


3-18 TEXAS, INSTRUMENTS 


NCORPORATED 
i POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


ba 


23831 Sess} ssue 
=3;8888/Sass|]eess 


2N2221 
2N2060 
2N489 SEE UNJUNCTION INTERCHANGEABILITY LIST 


SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 


SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 


SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 


SEB UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUJUNCTION INTERCHANGEABILITY LIST 


seze| ees | 


SSes)/ 885s 


TEXAS INSTRUMENTS 3-19 


NCORPORATED 
POST OFFICE BOX $012 * DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Ta=25°¢ Veso Vcto 


*Te= 25°C 
(mW) 


Sosa 
83883 


Ws 


813 


as [85 2 
BS | e588 Iss al 


3818888188388] 8888/8833 
Sz3 
3 


2 
SEEE/ SERS | SS 


a 
8888 


$88/ 8888/8 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEASILITY LIST 


3-20 TEXAS, IN STRUMENTS 


RPORATED 
POST OFFICE BOX 8012 ¢ DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Ta~25°C | Veso Yceo 
*To= 25°C 
(mW) 


a 
° 


2N2537 


GP 
GP 

NPN 

NPN 

NPN 

NPN 

NPN 

NPN 

NPN 

NPN 

NPN 

PNP 

PNP 


373 


$285/8888| 889s 8888 


8358 


2222|2§ 


ges|s3ss a 
S888 


888s 


&5SS/3383)/SSss/3 SB) seca 


8888/8888| 888s 


BSxe 
BBSs 


TEXAS INSTRUMENTS 3-21 


CORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


PY 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 


2N2223A 
2N2223A 
2N2222 


$888) 5888 


2N3705 


3-22 TEXAS INSTRUMENTS 


INCORPORATE 
POST OFFICE BOX 5012 ¢ DALLAS. TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Ta=25°C Yeso VYcro 


*Te= 25°C 
(mw) 


(v) 


{v) 


8888 


fiee [inde 
8 


2N2218 
2N2218A 
2N2219A 
2N2218 


2N2221A 
2N2222A 
2N2904 
2N2905 


maalaadaad 
888s 
BRBB Fee a8sc 


RRQ 
8888 


858 ieee) gees BEES) EBEE 


2N2221 


SEE FET INTERCHANGEASBILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


| |e leees lees 
|| asl 


TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


3-23 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Py 
Ta=2s°c Veso VYceo 


*T¢ = 25°C 


2N2539 
2N2537 
2N2539 
2N2537 


88sslssss 


2N3572 
2N3036 


2N2861 


8888/8888 


2N2862 45 
GP} 2N2219 150 
GP | 2N2219 150 
RF 2N3572 600 
2N699 800 
400 
400 

2N2883 800 

2N2884 800 400 
150 300 

2N2219 800 

2N3036 800 30 
800 30 
360 400 
360 800 
500 120 


BBBB 


2N720 
2N956 
2N2917 
2N2915 


3-24 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 « DALLAS. TEXAS 75222 


8888 | 888s 


338s 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


TtTa=28°¢ Veso Veto 
*T¢= 25°C 
(Vv) 


2N2221A 
2N2640 


RRS; SSSE1SESS 


60 
60 
60 
60 
60 
60 
60 
60 
60 
45 
50 
45 
45 
45 
45 
45 
45 
45 
45 
60 
60 
60 
60 
25 


- 


2N2913 


2N2914 
2N2915 
2N2915A 
2N2916 


S888 


LL 


SSSpSeRGlLoesGlLS 
SSss 


SSS 


w 
a 


2N3710 
2N3710 
2N3711 


EEL 
rear] eear 


600 
600 
600 
600 
400 
400 
400 
400 
400 
300 
“Sw 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
200 
200 
360 
360 
360 
200 
800 
300 
300 
300 
800 
800 
800 
400 
400 
400 
400 


BUELL 
eer] revi ery 


TEXAS INSTRUMENTS 3-25 


NCORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXAS 78222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


ta-28°c Veso Yeo 


*Te= 28°C 
(mW) 


(Vv) __Y) 


2N2219 
2N2219A 
2N2219A 


sSSS1/8sss 
o8838|/88eas 


SSRR( FRSA! SESS 


2N2060 
2N2223 
2N2223A 


Seselsssslssss ase 


S888) E88 


2N3015 
2N2243A 
2N1893 


$888 


$$88| 8888) 88sE 


Sess i sees 


3-26 TEXAS, INSTRUMENTS 


NCORPORATED 
| POST OFFICE BOX 6012 + DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Ta=25°C Yeso Veto 


"te= 25°C 


SSSsissss 


$88s|ssee ae see | esse 
88s8/ 888s 


8888/8858) 8888 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SRE FET INTERCHANGEABILITY LIST 


tit 
| [aces] 
ae aes 


SEE FET INTERCHANGEABILITY LIST 
SRE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SBE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


3-27 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Ta=25°c Voso Vcto 


"Te 25°C 


SEE FET INTERCHANGEABILITY LIST 
2N3460 SEE FET INTERCHANGEABILITY LIST 
2N3460 SEE FET INTERCHANGEABILITY UST 
2N2243 


2N1613 


2N697 
2N2243A 


2N2219 


30 
20 
20 
60 
65 
80 
45 
45 
30 
30 
20 


2N2945 
2N2945 


$833) $888) $888) 8888 


3-28 TEXAS INSTRUMENTS 


INCORPORATED 
PORT OFFICE BOX 6012 + DALLAS, TEXAS 75222 


_ TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Ta=25°C Voso VYcso 
“To = 25°C 
(Vv) {v) 


2N2221 
2N730 
2N730 
2N3244 


2N3245 
2N930A 
2N930A 
2N2894 


oSSs]ssss 


-_ 
Ld 


BE(SBE8| Beaci seus (FE 


s8s/ sss 


15 4 

50 . 50 

60 . 50 

50 . 100 

60 . 

60 F 

75 . 175 
40 5 . 

fe 


feet LEE] 
8888s rake 8 


2N2217 


8/8888) 8338 


z 


3888) 8888/88 
S838 /8sss (888s! ses 


TEXAS INSTRUMENTS 3-29 


NCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Ta=25°C | Veso Veto 


"Te = 25°C 
(mW) 


SEE FET INTERCHANGEABILITY LIST 


2N3329 SEE FET INTERCHANGEABILITY LIST 
2N3330 SEE FET INTERCHANGEABILITY LIST 
2N3331 SEE FET INTERCHANGEABILITY LIST 
2N3332 SEE FET INTERCHANGEASILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEASILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


2N2883 
2N2883 
2N2883 


$3335) 9923/3 


7222 


2222) 222 
SSunw 


SSS 


40 
40 

40 

30 

30 

20 

25 

3» 

PNP 50 
50 

60 

60 

60 

60 

60 

60 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEAGBILLITY LIST 


Lui 
Pd 


2N3460 SEE FET INTERCHANGEABILITY LIST 
2N3460 SEE FET INTERCHANGEABILITY LIST 

"sw 80 80 | 10 
2N3329 SEE FET INTERCHANGEABILITY LIST 


3-30 TEXAS, INSTRUMENTS 


NCORPORATE 
POST OFFICE BOX 5012 © DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Ta=25°C | Yeso Ycto 


*T¢ = 25°C 
(mW) (Vv) 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEASILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABHLITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABWLITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY UST 


600 
360 
360 
360 
360 
360. 
360 
360 
360 
360 
360 
250 


S838 


TEXAS INSTRUMENTS 3-31 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


3-32 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


2N2243 
2N3576 
2N3821 
2N3821 


2N3821 
2N3821 


2N2586 
2N2270 


2N3821 


2N2646 
2N4853 


Ta=25°C Ycso VcEo 


*T¢=25°C 
(mW) 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE UNUUNCTION INTERCHANGEABILITY LIST 


SEE UNIJUNCTION INTERCHANGEASBILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 


SEE UNIJUNCTION INTERCHANGEABILITY LIST 
60 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


2222) 2222 


2222 


2N3978 
2N3576 
2N3799 
2N2604 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


3538/8588) 88 


S8S/aR88]/ S888] ssse 


8883/3338 


TEXAS INSTRUMENTS 


INCORPORATE 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


lees $883/ss38/ 883s 


888s 
$.38| 898818338 


3-33 


| 3-34 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


(v) 


fiseslests EE 7 


2N3571 
2N3572 
2N3573 
2N3574 


R&|s8sss] ssss 


SEE FET INTERCHANGEASBILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


2N3575 
2N3576 
2N2608 
2N3799 


SEE FET INTERCHANGEABILITY LIST 
360 20 15 | 40-120 10 

SEE FET INTERCHANGEABILITY LIST 

30-120 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


2N3635 
2N3636 
2N3637 

AST3638 


88s 


8888/8888] sss 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX S012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


ta=28°c VYeso VYcto 


"Te = 28°C 
(Vv) 


2N2907 
2N3486A 
2N2944 
2N2218A 


01 
2 
10 


2N3570 

2N3822 SEE FET INTERCHANGEABILITY LIST 
2N3821 SEE FET INTERCHANGEABILITY LIST 
2N3821 SEE FET INTERCHANGEAGILITY LIST 


SEE FET INTERCHANGEBABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SBE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


TEXAS INSTRUMENTS 3-35 
INCORPORATED 


POST OFFICE BOX $012 « DALLAS, TEXAS 76222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Py 
Tan2s°c =Yoso VYceo 
*1e= 25°C 

(mW) {V} 


ass lPt = | 


50 ‘ 

50 ‘ 

40 

30 

30 45 
30 45 
30 90 
30 180 


40 
300) 
300 
300 
300 
300) 
300 
200 
200) 
250) 
250 


yxuss|ssaa| sess 
BEES) 8888 


88 


s88/ssssilssss 
88 


- 


3 


8388/8335! 8s 
S388} s 83) 8 


8888/8855 


3-38 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 76222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Pr 
Ta~25°c | Yeso Yceo 


"Te = 25°C 
(mw) {V) 


SVs 


Fae ee 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


88 


2N3352 
2N3352 
2N3347 
2N3351 


888s 


888s 


2N3810 
2N3810 
2N3811 
2N3811 


888s 


888s 


60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 


SS8S/SSSS)/SSSSlssss! sssslssssl| ses 


888s 


8888 


2N3819 SEE FET INTERCHANGEABILITY LIST 
2N3820 SEE FET INTERCHANGEABILITY LIST 
2N3821 SEE FET INTERCHANGEASILITY LIST 
2N3822 SEE FET INTERCHANGEABILITY LIST 


2N3823 SEE FET INTERCHANGEABILITY LIST 
2N3824 SEE FET INTERCHANGEABILITY LIST 


2N4994 


TEXAS INSTRUMENTS 3-37 


INCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


2N3829 
2N2193 


2N2193 


2N3571 


8888/8888 
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3-38 TEXAS, INSTRUMENTS 


NCORPORATE 
| POST OFFICE BOX S012 « DALLAS. TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


2N3711 
2N3711 


2N3904 


TEXAS INSTRUMENTS 3.39 


INCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


2N3962 
2N3963 
2N3964 


2N3965 

2N3966 SEE FET INTERCHANGEABILITY LIST 
2N3822 SEE FET INTERCHANGEABILITY LIST 
2N3822 SEE FET INTERCHANGEABILITY LIST 


2N3821 SEE FET INTERCHANGEABILITY LIST 
2N3970 SEE FET INTERCHANGEABILITY LIST 
2N3971 SEE FET INTERCHANGEABILITY LIST 
2N3972 SEE FET INTERCHANGEABILITY LIST 


r4 
JE 


NPN 
NPN 
NPN 
PNP 
PNP 
PNP 


2N2219 
2N2218 
TIS62 
TIS63 


2299 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
6 


3-40 TEXAS INSTRUM ENTS 


| INCORPORATE 

POST OFFICE BOX $012 « DALLAS, TEXAS 75222 
| 
i 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


SEE FET INTERCHANGEASBILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


TEXAS INSTRUMENTS 341 


INCORPORATED 
POST OFFICE BOX S012 + DALLAS, TEXAS 78222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


La] 
Ta=2s°c Veso Veto 


"Te = 28°C 


11897 
T1897 
2N3331 SEE FET INTERCHANGEABILITY LIST 


2N3330 SEE FET INTERCHANGEABILITY LIST 
2N3329 SEE PET INTERCHANGEABILITY LIST 
2N4091 SEE FET INTERCHANGEASILITY LIST 
2N4092 SEE PET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
40 40 


2N4252 
2N4138 
2N3458 
TISTtO 


A5T2222 
A5T2907 
A5T2907 


SEE FET INTERCHANGEASILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


3-42 TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


SEE PET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEASILITY LIST 
SEE FET INTERCHANGEASBILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


2N5953 SEE FET INTERCHANGEABILITY LIST 


2N5952 SEE FET INTERCHANGEABILITY LIST 

2N5951 SEE FET INTERCHANGEABILITY LIST 
200 12 12 30-120 

2N3460 SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


TEXAS INSTRUMENTS 3.43 


INCORPORATED 
POST OFFICE BOX 5012 © DALLAS, TEXAS 75222 


3-44 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


*1¢= 25°C 
(mW) (Vv) 


2N3993 SEE FET INTERCHANGEABILITY LIST 
3N169 SEE FET INTERCHANGEABILITY LIST 
3N160 SEE FET INTERCHANGEABILITY LIST 
3N161 SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


2N4392 SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEASILITY LIST 


$333/8Sa8) 8888) SSS] ss 


S$S888)|/ssss]ssss 


TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX S012 e DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Pr 
Ta~25°C Yeso Ycto 


*Te= 25°C 
(mw) (V) 


2N3962 

2N3962 

2N4416 SEE FET INTERCHANGEABILITY LIST 
2N4416A SEE FET INTERCHANGEABILITY LIST 


2N3711 
2N1613 
2N1420 


SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEASBILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 

40 40- 


2N3829 


2N4851 SEE UNUUNCTION INTERCHANGEABILITY LIST 
2N4852 SEE UNUUNCTION INTERCHANGEABILITY LIST 
2N4853 SEE UNUUNCTION INTERCHANGEABILITY LIST 
2N4854 


2N4855 

2N4856 SEE FET INTERCHANGEABILITY LIST 
2N4856A SEE FET INTERCHANGEABILITY LIST 
2N4857 SEE FET INTERCHANGEABILITY LIST 


2N4857A SEE FET INTERCHANGEABILITY LIST 
2N4858 SEE FET INTERCHANGEASBILITY LIST 
2N4858A SEE FET INTERCHANGEABILITY LIST 
2N4859 SEE FET INTERCHANGEABILITY LIST 


TEXAS INSTRUMENTS 3-45 


NCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEASBILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 


il a i 


ZzZz 
Z2zz 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEASBILITY LIST 


€ 


icin Fall el 


3-46 TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX $012 « DALLAS. TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


8888/8888] 3838 
ssseslssss| seas 
slsssslssssl sss 


SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUJUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 


ec 


§§ 


838s 
888s 


8838/88 


Us 
GP 
GP 
GP 
RF 
RF 30 %» 
RF 30 30 
GP 60 60 
GP 80 80 
GP 800 60 60 
GP 500 80 80 
GP 2N4058 200 50 40 
2N4058 200 50 40 
50 40 
50 40 
30 25 
50 30 
Kt] 
40 
40 


a 


83/8888 
SS) 8sss 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


TEXAS INSTRUMENTS 3-47 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


S888isssslyss 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


2N3571 
2N3571 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
30 


3-48 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


FE 
oP 
oP 
op 
oP 
oP 
GP 
GP 
GP 
FE 
Fe 
FE 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


SCR - SEE POWER DATA BOOK 
SCR - SEE POWER DATA BOOK 
SCR - SEE POWER DATA BOOK 


SCR - SEE POWER DATA BOOK 
SCR - SEE POWER DATA BOOK 


TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


3-49 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Ta=25°c | Voso Vcro 


"Te = 28°C 
(mW) (Vv) 


8888/8338 


A5T4126 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


2N2537 
2N3724 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


3-50 TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 8012 « DALLAS, TEXAS 78222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Py 


2N5210 
2N5219 
2N5220 
2N5221 


_ 


ie rene | Ete 


ih 


10 
10 
50 
500 
500 
10 


SEE PET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


TEXAS INSTRUMENTS 3-61 
INCORPORATED 


POST OFFICE BOX 8012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Ta=25°C | Veso VYcEO 


*T¢= 25°C 
(mW) 


838] 888 


S833] sssS] RAG 
r=) 


2N3702 


2N5358 SEE FET INTERCHANGEABILITY LIST 
2N5359 SEE FET INTERCHANGEABULITY LIST 


2N5360 SEE FET INTERCHANGEABILITY LIST 
2N5361 SEE FET INTERCHANGEABILITY LIST 
2N5362 SEE FET INTERCHANGEASILITY LIST 
2N5363 SEE FET INTERCHANGEABILITY LIST 


SSs8 
B5s8/388s|ssss| sss 


S888) S88 


3-52 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


2N5362 SEE FET INTERCHANGEABILITY LIST 
2N5363 SEE FET INTERCHANGEABILITY LIST 
2N5397 SEE FET INTERCHANGEABILITY LIST 
2N5398 SEE FET INTERCHANGEABILITY LIST 


sis] | Laas 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


100 
100 
100 
100 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


2N5953 SEE FET INTERCHANGEABILITY LIST 
2N5952 SEE FET INTERCHANGEABILITY LIST 
2N5951 SEE FET INTERCHANGEABILITY LIST 


TEXAS INSTRUMENTS 3-53 


NCORPORATED 
POST OFFICE BOX 5012 © DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


ta=25°C Yoso VYceo 


*T¢= 25°C 
(mW) 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEASBILITY LIST 
SEE FET INTERCHANGEASBILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEASBILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEASBILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEASBILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEASBILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


2N5526 

2N6449 SEE FET INTERCHANGEABILITY LIST 
2N6450 SEE FET INTERCHANGEABILITY LIST 
2N5545 SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


3-54 T EXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


Ta=25°c Veso VYcro 


*T¢= 25°C 


310 160 
180 


2N5953 SEE FET INTERCHANGEABILITY LIST 
2N5952 SEE FET INTERCHANGEABILITY LIST 
2N5950 SEE FET INTERCHANGEASILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


TEXAS INSTRUM ENTS 3-65 


CORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


SEE FET INTERCHANGEABILITY LIST 


SEE FET. INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


35 
35 
35 
35 
50 
50 
50 
50 
50 
50 


3-56 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 * DALLAS. TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


S888} ssss 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEASILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
200 20 20 3-120 

SEE FET INTERCHANGEABILITY LIST 

SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


8888/8883) 33 


T EXAS, INSTRUMENTS 3-67 


NCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


SEE UNJUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 


2N2918 
2N2915 


Sss 


2N2916 
2N2917 
2N2918 
2N2919 


25 
45 
45 
45 
45 
45 
45 
60 


SSSs 


2N2920 

A7T6027 SE UNIJUNCTION INTERCHANGEABILITY LIST 

4716028 SBE UNIJUNCTION INTERCHANGEABILITY LIST 
SE UNIJUNCTION INTERCHANGEBABILITY LIST 


SEE UNUUNCTION INTERCHANGEABILITY LIST 
2N6116 SEE DATA SHEET ON 2N6116 
2N6117 SEE DATA SHEET ON 2N6117 
2N6118 SEE DATA SHEET ON 2N6118 


SEE UNIJUNCTION INTERCHANGEABILITY LIST 
SBE UNUJUNCTION INTERCHANGEABILITY LIST 
SEE UNIJUNCTION INTERCHANGEABILITY LIST 
SEE UNUJUNCTION INTERCHANGEABILITY LIST 


3-58 TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS. TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
30 


8888/8583 | 8888) 883 


TEXAS INSTRUMENTS 3-69 
INCORPORATED 
POST OFFICE BOX 5012 +¢ DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


300 20 
300 30 
300 40 
300 »” 
300 6 
300 20 
300 40 
300 a 
300 50 
300 50 
300 » 
300 Et) 
200 x» 
200 + 
200 3 
300 50 
300 30 
300 50 
300 50 
200 30 
200 3% 
100 Ke] 


SEE FET INTERCHANGEABILITY LIST 

SEE FET INTERCHANGEABILITY LIST 
200 30 20 | 

SEE FET INTERCHANGEABILITY LIST 


$888) 8888 
8588/8588 


3-60 TEXAS INSTRUMENTS 
INCORPORATED 


POST OFFICE BOX 5012 « DALLAS, TEXAS 78222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEASILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LUST 


SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


3N157 SEE FET INTERCHANGEABILITY LIST 
3NI57A SEE FET INTERCHANGEABILITY LIST 
3N158 SEE FET INTERCHANGEASBILITY LIST 
3N158A SEE FET INTERCHANGEABILITY LIST- 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEASILITY LIST 


SEE FET INTERCHANGEASILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


TEXAS INSTRUMENTS 3-61 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF REGISTERED TYPES 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEASILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


3-62 TEXAS. IN STRUMENTS 


NCORPORATE 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 


Sielesctles | 
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360 
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%0 
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300 
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360 
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625 
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500 
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TEXAS INSTRUMENTS 3-63 


INCORPORATED 
POST OFFICE BOX S012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 


= [cet 


it 


2N3571 
2N918 
2N3571 


AST4026 
2N2270 
2N2270 
2N2102 


2N2270 
2N2270 
2N4030 
2N2270 


GP 
GP 
GP 
GP 
GP 
GP 
GP 
GP 
GP 
GP 
GP 
GP 


Q 
2 


2N3114 
2N2270 
2N2102 


a2oo 
370 


2NS5059 
2N2102 
2N2102 


Q 
3 


7) 
73 


2N4032 
2N2102 
2N2102 


ge} see 


38 


QR 


2N4030 
2N2270 
2N2102 


39 


3-64 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 


45 
45 
45 
45 
45 
45 
45 
45 
45 


TEXAS IN STRUMENTS 3-66 


RPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 78222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 


Pr 
ta—2s°c Yoso VCEO 


“1g = 25°C 
(mW) 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEASBILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
360 40 40 50- A 
360 30 12 30-120 10 

SEE FET INTERCHANGEABILITY LIST 


A5T2222 
A5ST2222 
572907 
2N4409 


515460 
TIS94 
TIS94 
AS15172 


SEE FET INTERCHANGEABILITY LIST 

35 30 | 300-9700 Jj 
310 30 23 | 400-1200 a] 
100-500 10 


AST404A 
A5T2192 
AST2193 
A5T2222 


572243 
A5T2907 
4573391 
AST3391A 


3-66 TEXAS INSTRU MENTS 


NCORPORATE 
POST OFFICE BOX $012 » DALLAS, TEXAS 75222 


A5T3392 
AST3504 
A5T3505 
AST3565 


4573571 
4513572 
A573638 


4573823 
AS13824 
4573903 


AS74123 
AST4124 
AS14125 
AST4126 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 


SEE FET INTERCHANGEASILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


288318888] sssse|ssss|s 
S88! 8888] sssse)/ssse 


TEXAS INSTRUMENTS “3-67 
INCORPORATED 


POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


3-68 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 


AST4261 
A5T4402 
A5T4403 
AS5T4409 


AS16118 
AST6449 
A5T6450 
A615222 


20 
40 
40 
80 
120 
300 
250 
5O 
50 
25 
50 
50 
20 
1s 
15 
25 
25 
235 
3% 
130 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


625 160 

625 
SEE DATA SHEET ON A5T6116 
SEE DATA SHEET ON A5T6117 


SEE DATA SHEET ON A5T6118 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 


TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 ¢ OCALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 


A8T3703 
A8T3704 
A8T3705 
A8T3706 


4813707 
A8T3708 
A8T3709 
A8T3710 


A8T3711 
A8T4026 
A8T4027 
A8T4028 


A8T4029 
A8T4058 
A8T4059 
A8T4060 


88/8888 |/88ss| ssss 


30 
30 
30 
30 
30 
60 
80 
60 
80 
30 
30 
30 
30 
30 
25 


4 


SCR - SEE POWER DATA BOOK 


SCR - SEE POWER DATA BOOK 
SCR - SEE POWER DATA BOOK 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
2N4856 SEE FET INTERCHANGEABILITY LIST 


TEXAS INSTRUMENTS 3-69 


NCORPORATED 
POST OFFICE BOX 5012 + DALLAS. TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 
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ta-25°C Voso VCEO 


"Te = 28°C 
(Vv) 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
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3-70 TEXAS INSTRUMENTS 


NCORPORATE 
POST OFFICE BOX 5012 »* DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 
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*Te= 25°C 
{v) 


8883) 888s 


$338] 88se 
SSE) SSSR 


INCH 
INCH 
NCH 
NCH 
S73 
iS75 
50 
200 
300) 


s338 eugeledss, 


3888/8832) 8888 


Bessel esac 
PEPE 


TEXAS INSTRUMENTS 3-71 


INCORPORATED 
POST OFFICE GOX 5012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 


ELECTRICAL CHARACTERISTICS 
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*T¢ = 25°C 
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A5T3707 
2N4423 
A5T2907 


AST4041 

2N5950 SEE FET INTERCHANGEABILITY LIST 
2N5951 SEE FET INTERCHANGEABILITY LIST 
2N5953 SEE FET INTERCHANGEABILITY LIST 


2N5245 SEE FET INTERCHANGEABILITY LIST 
2N5246 SEE FET INTERCHANGEASILITY LIST 
2N5247 SEE FET INTERCHANGEABILITY LIST 
2N5953 SEE FET INTERCHANGEABILITY LIST 


2N5952 SEE FET INTERCHANGEABILITY LIST 
2N5950 SEE FET INTERCHANGEABILITY LIST 
2N5953 SEE FET INTERCHANGEASILITY LIST 
2N5952 SEE FET INTERCHANGEABILITY LIST 


2N5949 SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
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3-72, TEXAS INSTRUMENTS 


INCORPORATE 
POST OFFICE BOX 5012 ¢ DALLAS. TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 
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TEXAS INSTRUMENTS 3-73 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 78222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 
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ta=28°c Veso Vero 


"Te 28°C 
(mW) 


(V) 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


S#E PET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FEY INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FEY INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
S08 FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILLITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


2N5953 
2N5953 
1IS73 
TIS74 


SEE PET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


TIS75 SEE FET INTERCHANGEABILITY LIST 


2N5245 SEE FET INTERCHANGEABILITY LIST 
| 2N3460 SEE FET INTERCHANGEABILITY LIST 
| 2N3459 SEE FET INTERCHANGEABILITY LIST 


2N5953 
2N5953 
A5T3821 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE PET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


A5T3823 
TIS73 
TiS74 


SEE FET INTERCHANGEABILITY LIST 
SEE FEY INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


3-74 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 8012 © DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 
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SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
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2N5949 SEE FET INTERCHANGEABILITY LIST 
$73 SEE FET INTERCHANGEABILITY LIST 
TIS74 SEE FET INTERCHANGEASBILITY LIST 
TIS75 SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEASBILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEASILITY LIST 


SEE FET INTERCHANGEABILITY LIST 


TEXAS INSTRUMENTS 3-76 
INCORPORATED 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 
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SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
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3-76 TEXAS INSTRUMENTS 


| INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 


Ta=25°C cso 


*T¢=25°C 
{mW} (Vv) 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
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SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABIUTY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


MEMS57C 
MEMS60 
MEMS60C 
MEMS62 
MEM562C 
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MEMS564C 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
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SEE FET INTERCHANGEABILITY LIST 

SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEASILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
2N5358 SEE FET INTERCHANGEABILITY LIST 
2N5359 SEE FET INTERCHANGEABILITY LIST 
2N5360 SEE FET INTERCHANGEABILITY LIST 


TEXAS INSTRUMENTS 3-77 


INCORPORATED 
POST OFFICE BOX 5012 * DALLAS. TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 
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*T¢ = 25°C 
(mw) {v) 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE PET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE PET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEASBILITY LIST 
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3-78 T EXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX $012 « DALLAS, TEXAS 75222 


2N3823 
2N3819 
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TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 
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SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABULITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


3-79 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 
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3-80 TEXAS INSTRU MENTS 


NCORPORATE 
POST OFFICE BOX 5012 + DALLAS. TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 
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TEXAS INSTRU MENTS 3-81 


NCORPORATE 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 
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SEE UNUUNCTION INTERCHANGEABILITY LIST 
SEE UNUUNCTION INTERCHANGEABILITY LIST 


2N4893 SEE UNUUNCTION INTERCHANGEABILITY LIST 
2N4894 SEE UNUUNCTION INTERCHANGEABILITY LIST 
2N3823 SEE FET INTERCHANGEABILITY LIST 
2N3823 SEE FET INTERCHANGEABILITY LIST 
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3-82 TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 
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SEE FET INTERCHANGEABILITY LIST 
2N4861 SEE FET INTERCHANGEABILITY LIST 
2N4861 SEE FET INTERCHANGEABILITY LIST 
2N3822 SEE FET INTERCHANGEABILITY LIST 


2N3821 SEE FET INTERCHANGEABILITY LIST 
2N3822 SEE FET INTERCHANGEABILITY LIST 
2N3821 SEE FET INTERCHANGEASILITY LIST 
2N3459 SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEASILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
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SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEASILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEASBILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


TEXAS INSTRUM ENTS 3-83 | 


INCORPORATE 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 
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SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 


3-84 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 78222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 
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SEE FET INTERCHANGEABILITY LIST 
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TEXAS INSTRUMENTS 3-85 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 
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SEE FET INTERCHANGEABIITY LIST 
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SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEASBILITY LIST 
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SEE FET INTERCHANGEABILITY LIST 
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SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
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3-86 TEXAS. INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 
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SEE FET INTERCHANGEABILITY LIST 
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SEE FET INTERCHANGEABILITY LIST 
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TEXAS INSTRUMENTS 3-87 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 
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TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 
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SEE FET INTERCHANGEABILITY LIST 
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SEE FET INTERCHANGEABILITY LIST 
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SEE FET INTERCHANGEABILITY LIST 
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TEXAS, INSTRUMENTS 
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TEXAS INSTRUMENTS 3-89 
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POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 
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3-90 TEXAS INSTRUMENTS 
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POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
MASTER LIST OF NONREGISTERED TYPES 
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SEE FET INTERCHANGEABILITY UST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
SEE FET INTERCHANGEABILITY LIST 
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TEXAS INSTRUMENTS 3-91 
INCORPORATED 
POST OFFICE BOX 5012 *« DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
REGISTERED FIELD-EFFECT TRANSISTORS 


e 
be 
°o 


GATE TYPE 
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2N3328 
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3-92 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
REGISTERED FIELD-EFFECT TRANSISTORS 
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TEXAS INSTRUMENTS 3-93 


INCORPORATED 
POST OFFICE BOX 5012 © DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
REGISTERED FIELD-EFFECT TRANSISTORS 


2N3822 
2N3822 
2N3821 


2N3821 
2N3821 
2N3821 
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3-94 TEXAS INSTRUMENTS 


NCORPORAT 
POST OFFICE BOX S012 + DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
REGISTERED FIELD-EFFECT TRANSISTORS 


5-30 
10- 
10- 

2. 


30 
30 
40 
40 
x» 
30 
50 
50 
50 
50 
Kt] 
30 
30 
40 
50 
40 
50 
40 
50 
40 
40 
40 
40 
40 


NJ 
Pp oJ 
P oJ 
Pp oJ 
N J 
N 3 
pod 
ep oJ 
Pod 
N J 
N J 
N J 
N J 
N J 
N J 
N J 


TEXAS INSTRUMENTS 3-95 


INCORPORATED 
POST OFFIGE BOX 5012 » DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
REGISTERED FIELD-EFFECT TRANSISTORS 


2N4221A 
2N4222 
2N4222A 
2N4223 


3N160 

2N5953 
2N5952 
2N5951 


2N3994 
2N3993 
2N3993 
3N169 
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2N4856A 
2N4857 
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396 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
REGISTERED FIELD-EFFECT TRANSISTORS 


GATE TYPE 


bE, a 
Fl 


2N4859A 


FE 


2N4861 
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TEXAS INSTRUMENTS 3-97 
INCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 76222 


TRANSISTOR INTERCHANGEABILITY 
REGISTERED FIELD-EFFECT TRANSISTORS 


2N5545 
2N5546 
2N5547 


2N5245 
2N5246 
2N5247 
2N5248 


2N5953 
2N5952 
2N5951 
2N5460 
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2N5358 
2N5359 
2N5360 
2N5361 


2N5362 
2N5363 
2N5364 
2N5359 
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2N5397 
2N5398 
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3-98 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX S012 * DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
REGISTERED FIELD-EFFECT TRANSISTORS 
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a) 30 
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TEXAS INSTRUMENTS 3-99 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
REGISTERED FIELD-EFFECT TRANSISTORS 
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3-100 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX $012 + DALLAS, TEXAS 76222 


TRANSISTOR INTERCHANGEABILITY 
REGISTERED FIELD-EFFECT TRANSISTORS 
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TEXAS INSTRUMENTS 3-101 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
REGISTERED FIELD-EFFECT TRANSISTORS 


$888/8sss 
AL OY 
ee 


Pp IG 
P 6G 
Pp IG 
P OG 
p IG 
Pp 2G 
pP G 
POG 


wvwTU wv v7. UuU wv wZ 


3-102 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX S012:¢ DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
REGISTERED FIELD-EFFECT TRANSISTORS 
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TEXAS INSTRUMENTS 3-103 


INCORPORATED 
POST OFFICE BOX S012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
NONREGISTERED FIELD-EFFECT TRANSISTORS 


ELECTRICAL CHARACTERISTICS 
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3-104 TEXAS. INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


2N5951 
2N5953 
2N5245 
2N5246 


2N5953 
2N5952 
2N5949 


TRANSISTOR INTERCHANGEABILITY 
NONREGISTERED FIELD-EFFECT TRANSISTORS 
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TEXAS INSTRUMENTS 


INCGRPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


3-105 


TRANSISTOR INTERCHANGEABILITY 
NONREGISTERED FIELD-EFFECT TRANSISTORS 


2N5547 
2N5045 
2N5245 
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2N5953 
2N5953 
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3-106 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
NONREGISTERED FIELD-EFFECT TRANSISTORS 
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TEXAS INST RUMENTS 3-107 


CORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
NONREGISTERED FIELD-EFFECT TRANSISTORS 


3-108 
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TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX S012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
NONREGISTERED FIELD-EFFECT TRANSISTORS 
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2N3819 
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TExAS INSTRUMENTS 3-109 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
NONREGISTERED FIELD-EFFECT TRANSISTORS 
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3-110 TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 » DALLAS. TEXAS 75222 
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TRANSISTOR INTERCHANGEABILITY 
NONREGISTERED FIELD-EFFECT TRANSISTORS 
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TEXAS INSTRUMENTS 
INCORPORATED 


3-111 


TRANSISTOR INTERCHANGEABILITY 
NONREGISTERED FIELD-EFFECT TRANSISTORS 
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| 3-112 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE 80X 5012 ¢ DALLAS. TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
NONREGISTERED FIELD-EFFECT TRANSISTORS 


RATED 
DRAIN. 
GATE 
VOLTAGE 

{V) 
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TEXAS INSTRUMENTS 3-113 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
NONREGISTERED FIELD-EFFECT TRANSISTORS 


2N3331 


2N3329 
2N5362 


3am TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 8012 +» DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
REGISTERED UNWUNCTION TRANSISTORS 
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TEXAS INSTRUMENTS 3-116 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 79222 


TRANSISTOR INTERCHANGEABILITY 
REGISTERED UNIJUNCTION TRANSISTORS 


CHARACTERISTICS 


TYPE 
NUMBER 


aa) 
REPLACEMENT 


2N1671A 
2N2646 
2N4853 


r4 
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ust 
ust 


See 2N6116 Data Sheet 
See 2N6117 Data Sheet 
See 2N6118 Data Sheet 


3-116 TEXAS INSTRUMENTS 
INCORPORATED 


POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TRANSISTOR INTERCHANGEABILITY 
NONREGISTERED UNIJUNCTION TRANSISTORS 


CHARACTERISTICS 


TYPE 
NUMBER 


Tl 
REPLACEMENT 


See Data Sheet On AST6116 
See Data Sheet On A5T6117 
See Data Sheet On A516118 
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TEXAS INSTRUMENTS 3-117 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


Transistor 
Data Sheets 


TRANSISTOR DATA SHEETS 
CONTENTS 


In this section are data sheets for most of the Texas Instruments line of standard, low-power silicon transistors. (For reference 
to TI's tine of silicon power transistors, see either Section 0, Type Number Index, or Zhe Power Semiconductor Data Book, 


Excluded from this volume are data sheets for certain obsolescent types listed and so indicated in Section 0, Type Number 
Index. Loose-leaf data sheets for these devices may be available upon request. 


DERIVED TYPES 


Many of the JEDEC-registered types are available in repackaged form. The designations of these repackaged devices are 
derived from the original JEDEC type numbers by replacing the 2N or 3N prefix with a prefix explained in the table below. 


“Repackaging” may mean providing a plastic-encapsulated (Silectt) equivalent for a metal-cased type (for example, the 
A5T2222 is a Silect 100-mil pin-circle equivalent for the metal-cased 2N2222) or perhaps different basing (!ead locations) 
from the registered type (for example, the A5T3904 is a Silect 100-mil pin-circle equivalent of the plastic-encapsulated, 
2N3904 which is registered with the in-line-lead TO-92 package.) In the case of the A4T prefix for unmounted transistor 
chips, “repackaging’”’ means no package at all. 


In any case, the specifications for the prefixed devices are as close to the registered devices as packaging will permit. 


PREFIXES FOR REPACKAGED TRANSISTORS 


A3T Microsilectt (obsolescent, not covered in this book} 
A4T Unencapsulated transistor chips (not covered in this book) 
peal AST 
3 1 1 2 3 
Cs Multijunction Emitter Base Collector 


2 Field-Effect Source Drain Gate 
Programmable Unijunction | Cathode Gate Anode 


AGT : 
EAD (>) EA 
TRANSISTOR L 1 ve : 3 . 


| Multijunction | Base Emitter_Collector 


Silectt Package 


ATT, 
A8T 


A7T 
AD i 
TRANSISTOR ue READ ais 
1 2 3 
(+s) Multijunction Emitter Collector Base 
Programmable Unijunction | Anode Cathode Gate 
1 23 A8T 


EAD u 
TRANSISTOR : 1 a ae 


[Martjunetion | Ernivor Bose Collector 


TO-92 Silectt Package 


T Trademark of Texas Instruments Incorporated 


B2T Unencapsulated beam-lead transistor chips (not covered in this book) 


83T Beam-lead transistors, 
100-mil pin circle 


(not covered in this book) 


B4aT Beam-Lead transistors, 
200-mil pin circle 


(not covered in this book) 


B6T Beam-lead transistors, 
Plastic high-frequency package 


(not covered in this book) 


D02T Dual transistors, 
short-can version of 
: TO-78 package 


Quad transistors, 
TO-116 plastic 
dual-in-line package 


ORGANIZATION 


Data Sheets are organized in alphanumeric order with numbers taking precedence over letters. The exception to this is that 
derived types are placed immediately after the registered types from which they were derived. 


CHIP-CHARACTERIZATION REFERENCE . 


Transistor chip families are characterized in Section 5. Reference to the related chip family is made on the lower right-hand 
corner of each data sheet, if appropriate. 


Exceptions: 


@ Grown-junction bars are not characterized. 
@ Bar-type unijunction transistors are not characterized. 


@ When the observed values of the characteristics of the basic chips are not applicable to specific devices because of 
highly selective screening or special diffusions, chip-family references are omitted. 


@ Transistor types containing two darlington-connected chips do have the chip-family reference but it should be 
noted that while the characterization data does apply to the individual chips, it does not apply directly to the 
darlington-connected pairs. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N117 
N-P-N GROWN-JUNCTION SILICON TRANSISTOR 


BULLETIN NO. DL-S 68896, MARCH 1968 


9 to 20 beta spread 
Specifically designed for high gain at high temperatures 


mechanical data 
Welded case with glass-to-metal hermetic seal between case and leads. Approximate weight is 1.7 grams. 


AUL CONNECTIONS INSULATED PROM CASE 


com } — COLLICTOR 
—?- a 
0.368 MAX. 
1.8 (20 0.192 (20.010) 


0,005) 
3 LEADS 0.017 i+ Py ary DIA. 


ALL DIMENSIONS IN INCHES 


oe ac 


absolute maximum ratings at 25°C amblent texcept where advanced temperatures are indicated? 


Collector Voltage Referred to Base . . . 1. 1) ele ele le el 
Emitter Voltage Referred to Base 2... 1 1. 1 ee lV 
Collector Current Bim 2h. Sa, ada Se-, ae “ON Gy ter ep ale Be OS 25 mA 
Emitter Current. 2. 7 ww we SMA 
Collector Dissipation be ig “yet” wb a ks Ste OAT AE Oa Bat 4 ee a, 7d SOW 
at 100°C 100 mW 
at 150°C 50 mW 


Junction temperature 
Maximum Range. . . . ww ee ee ee ee BPE to +175°C 


common base design characteristics at Tj] = 25°C texcept where advanced temperatures are indicated) 


Collector Breakdown Voltage 
Collector Cutoff Current} 
at 100° C} 
at 150° C} 
input Impedance 
Output Admittance 


Feedback Voltage Ratio 

Current Transfer Ratio 

Power Gain*t 

Noise Figure*t 

Frequency Cutoff 

Output Capacitance (1me) 

Saturation Resistance* ig = 2.2mA 


*Common Emittes th = 1k; Ry = 20k Conventional Neise—Compered to 1000 ohm resistor, 1000 cps and 1 cycle bend width 
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TEXAS INSTRUMENTS 41 


NCORPORA 
POST OFFICE BOX 8012 + DALLAS, TEXAS 75222 


TYPE 2N118 


N-P-N GROWN-JUNCTION SILICON TRANSISTOR 


BULLETIN NO. DL-S 88897, MARCH 1958 


mechanical data 


18 to 40 beta spread 
Specifically designed for high gain at high temperatures 


Welded case with glass-to-metal hermetic seal between case and leads. Approximate weight is 1.7 grams. 


oom ef} 


ALL CONNECTIONS INSULATED FROM CASE 


exezee | — COLLECTOR 

——7= ar . 
0.365 MAX. 
us (2 0.030 0.392 (+0.010) 


.048 (+ 0.005) 


3 LEADS 0.017 (+ Pye 0.001) DIA. 


ALL DIMENSIONS IN INCHES 


absolute maximum ratings at 25°C ambient [except where advanced temperatures ore indicated) 
Collector Voltage Referred to Base . . . - - 
Emitter Voltage Referred to Base . . 
Collector Current .  . - «© «© + + 
Emitter Current. ©. . - © + = 


Collector “aie | i, wt Kae” Gee et oS 


junction temperature 


at 100°C 
at 150°C 


Maximum Range . 


Collector Breakdown Voltage 
Collector Cutoff Current} 
at 100° C} 
at 150° C} 
Input Impedance 
Output Admittance 
Feedback Voltage Ratio 
Current Transfer Ratio 
Power Gain*t 
Noise Figure*t 
Frequency Cutoff 
Output Capacitance (ime) 
Saturation Resistance* 


So giao f (ela) ead LV 


“Common Emitter Rg = 1k; R = 20k Conventional Nolse—Compared to 1000 ohm resistor, 1000 cps sad 1 cycle band width 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N1I8A 
N-P-N GROWN-JUNCTION SILICON TRANSISTOR — 


BULLETIN NO. OL-S 73898, MARCH 1968—-REVISED MARCH 1973 


18 to 86 beta spread 
Specifically designed for high gain at high temperatures 


mechanical data 
Welded case with glass-to-metal hermetic seal between case and leads. Approximate weight is 1.7 grams. 


ALL CONNECTIONS INSULATED FROM CASE 


—— 1 - COLLECTOR 
=: — A en 
bears 


es (20.032 0.192 (+0.010) 


.048 (+ 0.005) 
3 LEADS 0.017 t+o00n, — 0,001) DIA. 


ALL DIMENSIONS IN INCHES 


absolute maximum ratings at 25°C ambient texcept where advanced temperatures are indicoted) 


Collector Voltage Referred to Base . . . - - - © 2 + «© + « « 45 V 

Emitter Voltage Referred to Base . © . «© © ee ee ee le 1vV 

Collector Current 2...) eee ee 2K mA 

Emitter Current. 2 6 eee ee BE mA 

Collector Dissipation Boke ee Ee nat bt OR ee we Sat ee a Mr ae 150m W. 
at 100°C : 100 mW 
at 150°C 50 mW 

junction temperature 
Maximum Range. . . . - ee ee ee ee BBE to 175°C 


common base design characteristics at Tj = 25°C [except where advanced temperatures are indicated! 


Collector Breakdown Voltage 
Collector Cutoff Current} 
at 100° C} 
at 150° C} 
tnput Impedance 
Output Admittance 


Feedback Vottage Ratio 
Current Transfer Ratio 
Power Gain*t 

Noise Figure*t 
Frequency Cutoff 

Output Capacitance (1mec) 
Saturation Resistance* 


*Common Emitter tRg = 1k; Ry = 20k Conventional Noise—Compared to 1000 ohm resistor, 1000 cps and 1 cycle band width 
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IM ORDER TO (MPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N119 


N-P-N GROWN-JUNCTION SILICON TRANSISTOR 


BULLETIN NO. DL-S 58899, MARCH 1958 


36 to 86 beta spread 
Specifically designed for high gain at high temperatures 


mechanical data 
Welded case with glass-to-metal hermetic seal between case and leads. Approximate weight is 1.7 grams. 


ALL CONNECTIONS INSULATED FROM CASE 


0.192 (0.010) 


0.048 (= 0,005) 
3 LEADS 0.017 (+ 0.002, ~ 0.001) DIA. 


ALL DIMENSIONS IN INCHES 


absolute maximum ratings at 25°C ambient lexcep: where advanced temperatures are indicated) 


Collector Voltage Referred to Base . . © ee + et ee tl 
Emitter Voltage Referred to Base ee Lia oe <a? aif set cae ae’: FT Ge 1V 
Collector Current 2. 0. eee ee ee 25 MA 
Emitter Current. 2... 0) ete —25 mA 
Collector Dissipation Be fae ie eh “fa GD Lee eke he ab do ta > a Se 0am Ww 
at 100°C fe Bee ge ce Se hee eo Gee 4? 00“ W: 
at 150°C ke 2. ee ke Oe ek te Us wo oe, ee Gea) oO amnW. 


junction temperature 


Maximum Range . . 65°C to +175°C 


common base design characteristics at Tj = 25°C [except where advanced temperatures are indicated] 


Collector Breakdown Voltage je =0 
Collector Cutoff Current} ig =0 

at 100° C} le =0 
| at 150° C} te =0 
Input Impedance Ig = —ImA 
Output Admittance te = —ImA 


Feedback Voltage Ratio Ie = —ImA 
Current Transfer Ratio Ig = —lmA 
Power Gain*t le = —2mA 
Noise Figure*t le = —1mA 
Frequency Cutoff te = —lmA 
Output Capacitance (1mc) le = —imA 
Saturation Resistance* ig = 5mA 


"Common Emitter {Rg = 1k; Ry = 20k 2Conventional Noise—Compared to 1000 ohm sesistor, 1000 cpa and 1 cycle band width 


a 
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TYPE 2N120 
N-P-N GROWN-JUNCTION SILICON TRANSISTOR 


BULLETIN NO. DL-S 58900, MARCH 1958 


76 to 333 beta spread 
Specifically designed for high gain at high temperatures 


mechanical data 
Welded case with glass-to-meta] hermetic seal between case and Jeads. Approximate weight is 1.7 grams. 


ALL CONNECTIONS INSULATED FROM CASE 


ALL DIMENSIONS IN INCHES 


absolute maximum ratings at 25°C ambient (except where advanced temperatures are indicated] 


Collector Voltage Referred to Base . . . . . . . . . . ws s 45 V 
Emitter Voltage Referred to Base 2. 2. 2. 2. - ee ee lv 
Collector Current 2. 2... . wee ee DE mA 
Emitter Current. ©. ©... we eee ee BG mA 
Collector Dissipation bo, er Bh ae Uke tee i at Se Oe ee oy OW 
at 100°C & dy ooo © aa Sa Le me “ee Ad we Ske ae Oe es 100m W 
at 150°C Bae le ie, Ve tee Ge see ae. tar ae Oo oe Se te ess SOSm WwW 
junction temperature J 
Maximum Range. . . . ©. «©. ee ee eee BPE to +175°C 
common base design characteristics at = 25°C (except where advanced temperatures are indicated] 


Collector Breakdown Voltage 
Collector Cutoff Current} 
at 100° C} 
at 150° C} 
Input Impedance 
Output Admittance 


Feedback Voltage Ratio le = —lmA 
Current Transfér Ratio le = —lmA h 
Power Gain*t le = —2mA | 
Noise Figure*t te = —ImA ! 
Frequency Cutoff te = —lmA i 
Output Capacitance (mc) le = —lmA 
Saturation Resistance* tg = 2.2mA | Ie =5mA 


*Common Emitter tRe = 1k; Ry = 20k {Conventional Noise—Compared to 1000 ohm resistor, 1000 cps and 1 cycle band width 


cee seminoma el 
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TYPES 2N243, 2N244 


N-P-N GROWN-JUNCTION SILICON TRANSISTORS 


BULLETIN NO. DL-S 612238, DECEMBER 1961 


Oval Welded Package 


mechanical data 


The transistor is in an oval welded package with glass-to-metal hermetic seal between case and leads. 
Unit weight is approximately 1 gram. The mounting clip is hardware supplied with the transistor. 


ALL LEADS ARE INSULATED FROM THE CASE 


+0,005 
0.193 _ 9.000 DIA. 0.545 + 0.015t 


+0.020 =] 
0.412 
—0.010 0.230 = 0.010 


0.110 + 0.015 0.110 + 0.015 


0.305 + 0.010 


ate 


Las + 0.003 ALL DIMENSIONS IN INCHES 
0.220 + 0.020 t FOR RECOMMENDED ASSEMBLY WITH MOUNTING CLAMP 


*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage. . 2. 1. 1 1 ee ew et ew ee ee te th 60 v 

Collector; Currents.“ G05 as eS, we eas a RR Ws Gk. He ke eB 60 ma 
Total Device Dissipation (see note 1). - 2 1 ee ew ee ee et ww ee) (750 mw 
Collector Junction Operating Temperature . 2. 2 2. 1. 1 ee eee ew ew ew) ETSOPS 


Storage Temperature Range . 2. 1 1 6 ee eee ee ee ew eo 55% to + 150°C 


NOTE: 1. Derate linearly te 150°C case temperature at the rate of 6 mw/°C, 


*JEDEC registered data 


a EE TD BE I NT I TE EA TE OE TE SEIT TE LT ERIE 
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TYPES 2N243, 2N244 
N-P-N GROWN-JUNCTION SILICON TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


Vos = Ny, le =0 
Te = 150°C 


vo fie” “7 


2 tee eee 


he AC Common-Base Reverse Voltage 
Teansfer Ratio 


POWER GAIN TEST CIRCUIT 


4k, /v,\2 
NOTE: Gpe =!0 log —— { — 
RB \V, 


* JEDEC registered date 
LS 
173 PRINTED IN U.S.A. 
TI cannot assume ony responsibility for ony circuits shown 
or represent thot they ore free from poten) infringement. TEXAS IN STRUM ENTS 47 
INCORPORATED 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 
IM ORDER TO IMPROVE DESIGN AND TO SUPPLY THE SEST PRODUCT POSSIBLE. : 


TYPE 2N332 


N-P-N GROWN-JUNCTION SILICON TRANSISTOR 


BULLETIN NO. DL-S 691036, MARCH 1969 


Beta From 9 to 20 
Specifically designed for high gain at high temperatures | 


mechanical data 


Welded case with glass-to-metal hermetic seal between ae and leads. Unit weight is approximately 
1 gram. All JEDEC TO-5 dimensions and notes are applicable. 


ALL LEADS INSULATED FROM CASE 


THIS ZONE OPTIONAL 


absolute maximum ratings at 25°C ambient [except where advanced temperatures are indicated} 


Collector Voltage Referred to Base ‘ é ~ ew 45V 
Emitter Voltage Referred to Base. . . : Ses 1V 
Collector Current 2... ee ee ee ee 25 mA 
Emitter Current. 6 6 wee ee 25 mA 
Device Dissipation CH Be, See ‘ ale Ge 150 mW 
at 100°C sige ter Yee oe etter Ty 7 ie “Bee. ode » +» 100 mW 
at 150°C wr te vase cm. EN, OO. a : ‘ . « 50 mW 
function temperature 
Maximum Range 2 wwe ee EP to + 175°C 
common base design characteristics af Tj= 25°C [except where advanced temperatures are Indicated) 
test conditions min, pon max, unit 
BVct0 Collector Breakdown Voltage lc = 50HA le = 0 45 Volt 
leso Collector Cutoff Currents Vee m 30V ly = 0 2 BA 
at 100°C Vee m= BY le m= O 10 BA 
at 160°C Voy m= BV le= 0 50 BA 
hint Input Impedance Vee = = 5V {gz —ImA 30 85 80 Ohm 
hoo t Output Admittance Vo = BV ty oz —ImA 0 0.8 1.2 imho 
he ¢ Feedback Voltage Ratio Vo = 5V fea —ImA 0 195 500 Xt0-8 
hat Current Transfer Ratio Vos = 5V ha —ImA —0.9 —0.925 —0.963 
NF Noise Figure”? Vee = BV le = —ImA 20 30 db 
fas Frequency Cutoff Veo = 58V \e= —ImA ! 6 me 
Cov Output Capacitance (Ime) Vo = 5V Ig = —ImA 10 30 apt 
Res Saturation Resistance* ly = 2.2mA_ to = SmA 70 200 Ohm 
*Common Emitter {faethe {Conventional Nolse-—Compared to 1000 ohm resistor, 1000 cps and 1 cycle band width 


a I EE I I TS TEE ESAS OT EN 
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TYPE 2N333 
N-P-N GROWN-JUNCTION SILICON TRANSISTOR 


BULLETIN NO. DL-S 591036, MARCH 1969 


Beta From 18 to 40 
Specifically designed for high gain at high temperatures 


mechanical deta 


Welded case with gl 
1 gram. All JEDEC 


jass-to-metal hermetic seal between case and leads. Unit weight is approximately 
TO-5 dimensions and notes are applicable. 


ALL LEADS INSULATED FROM CASE 


absolute maximum ratings at 25°C ambient [except where advanced temperatures are Indicated] 
Collector Voltage Referred to Base 


Emitter Voltage Referred to Base. 2. . . 1. wwe ee ee ee UCU 
Collector Current . . a 88 Cae es ate aay a aE ES SS, Tas. et st SS im 
Emitter Current. . 2... 1 wee ee ee a we = 25 mA 
Device Dissipation lee eae ar! Nee aig We ae go Be Cele cet Cae Lee 96 150 ea W. 
t 100°C at vet Sie See ee Oa ie tee Ceol he es. Al oe 4: 82100 mW. 
at 150°C Ber Be Te WO, el RS ek See OE See oe pee et SY 50 mW 


Junction temperature 


Maximum Range — 65°C to +175°C 


common base design characteristics at TY; = 25°C [except where advanced temperatures are indicated] 


Collector Breakdown Voltage 
Collector Cutoff Sarvenst 


Input Impedance 
a ut Admittance 
edback Voltage Ratio 
‘Sect Transfer Ratio 
Nolse Figure*? 
Frequency Cutoff 
Output Capacitance (Ime) 
Saturation Resistance* w = 2.2mA ic = BmA 


*Common Emitter tt fami ke 


$ Conventional Nolse—Compared to 1000 ohm resistor, 1000 cps and | cycle band width 
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TYPE 2N334 


N-P-N GROWN-JUNCTION SILICON TRANSISTOR 


BULLETIN NO, OL-S 591037, MARCH 1959 


Beta From 18 to 90 
Specifically designed for high gain at high temperatures 


mechanical data 


Welded case with garg nies hermetic seal between case_and leads. Unit weight is approximately 


1 gram. All JEDE 


ALL LEADS INSULATED FROM CASE 


TO-5 dimensions and notes are applicable. 


absolute maximum ratings at 25°C ambient [except where advanced temperatures are indicated] 


Collector Voltage Referred to Base 
Emitter Voltage Referred to Base 
Collector Current : 
Emitter Current . 
Device Dissipation 
at 100°C 
at 150°C 


junction temperature 


Maximum Range 


oe 6 ee we 


. 


oe eo we ee 


. 
. . . . oe 
. 
« 


, 


— 65°C to +175°C 


common base design characteristics at T;= 25°C [except where advanced temperatures are indicated] 


Collector Breakdown Voltage 
Collector Cutoff Conentt 


00° C 


Input Impedance 

Output Admittance 

Feedback Voltage Ratio 

Current Transfer Ratio 

Noise Figure*t 

Frequency Cutoff 

Output Capacitance (Ime) (o) 


Saturation Resistance* la = 2.2mA 


“Common Emitter + toedke $Conventional Nolse—Compared to 1000 chm resistor, 1000 cps end | cycle bend width 
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TYPE 2N335 
N-P-N GROWN-JUNCTION SILICON TRANSISTOR 


BULLETIN NO. OL-S 591038, MARCH 1959 


Beta From 36 to 90 
Specifically designed for high gain at high temperatures 


mechanical data 


Welded case with glass-to-metal hermetic seal between case and leads, 


Unit weight is approximately 
1 gram. All JEDEC TO-5 dimensions and notes are applicable. 


ALL LEADS INSULATED FROM CASE 
9.260 0.100 


0240 15 MIN 


9.370 9 335 


Leta 
fee 


BIA 9-305 


0.125 

0.100 MIN 0.009 
DETAILS OF OUTLINE IN 
THIS ZONE OPTIONAL 


au Paes ARE 
UNLESS OTHERWISE 
SPECIFIED 


absolute maximum ratings at 25°C ambient except where advanced temperatures are indicated | 

Collector Voltage Referred to Base... ee wee eC 

Emitter Voltage Referred to Base sy Cp “Bee the sae this gs. SAO we te me Es 1V 

Collector Current wy a ee Ae SP oh SR tae” Sa a > ee!) cg 25 mA 

Emitter Current) ee .~—25 mA 

Device Dissipation J}. 6. 150 mW 
at l0oeC FO. 100 mV 
at WOO8G ye Se a ke a Ba ak eae ae, 50 mW 


junction temperature 
Maximum Range Gs eee Te A reer, ae Sede AA Te Ot a! at 


65°C to +175°C 


common base design characteristics at y; = 26°C fexcept where advanced temperatures are indicated! 


design 
test conditions min. center max, anit | 

BV cto Collector Breakdown Voltage lo = 50KA k= 0 45 Volt 
leso Collector Cutoff Current} Ves = 30V le= 0 2 LA 

at 100°C Vee = 5V le = 0 10 BA 

at 150°C Vea = 5V le = 0 50 BA 
hiot Input Impedance Vee = 5V fe= —ImA 30 55 80 Ohm 
hoot Output Admittance Vee = 5V le = —ImA () 0.3 1.2 umho 
hit Feedback Voltage Ratio Vee = 5V le = —tmA (0) 600 1000 Xt0-6 
het Current Transfer Ratio Veo = 5Y¥ le = —ImA —0.9735 —0.98 — 0.989 
NF Noise Figure*? Vee = 5V le = —ImA 20 db 
far Frequency Cutoff Voo = 5V le = —ImA 2 ul me 
Cop Output Capacitance (imc) Voo = 5V le = —ImA 10 30 nat 
Res Saturation Resistance®™ In = 2.2mMA_ Ic = SmA 70 200 Ohm 


* Common Emitter t tthe § Conventional Noise—Compared to 1000 ohm resistor, 1000 cps and | cycle band width 


LLL aa SSS eis eee RRsat 
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TYPE 2N336 
N-P-N GROWN-JUNCTION SILICON TRANSISTOR 


BULLETIN NO. DL-S 591039, MARCH 1959 


Beta From 76 to 333 
Specifically designed for high gain at high temperatures 


mechanical data 
Welded case with glass-to-metal hermetic seal between case and leads. Unit weight is approximately 
1 gram. AllJ EDEG TO-5 dimensions and notes are applicable. 


ALL LEADS INSULATED FROM CASE 


3 COLLECTOR 


37 
0.100 MIN 
DETAILS OF OUTLINE IN 
THIS ZONE OPTIONAL 


absolute maximum ratings at 25°C ambient [except where advanced temperatures are indicated] 


Collector Voltage Referred to Base © - - - + ee tH ts 45 V 
Emitter Voltage Referred to Base a me a RS Bae ED a a Se es 1V 
Collector Current . . we ae Magn i! hed te ee ch OE ee a ee ge A 2A 
Emitter Current; 5. ee eee ee ee = 25 mA 
Device Dissipation } - 2 6 6 7 ee et 150 mW 
at 100°C Jw ee ee 100 mW 
aisoeC Jw ww 50 mW 


junction temperature 
Maximum Range.) eee — 65°C to + 175°C 


common base design characteristics at T; = 25°C [except where advanced temperatures are indicated] 


tes? conditions min. center max. unit 

BV ct0 Collector Breakdown Voltage le = 50KA k=O 45 Volt 
\c10 Collector Cutoff conor Vea = 30V t= 0 2 BA 

at 100°C Voo = 5V le = 0 10 BA 

at 150°C Vos = 5V l= 0 50 BA 
hiet Input Impedance Vea = 5V le= —ImA 30 55 80 Ohm 
hen? Output Admittance Vo = SV le = — tmA 0.2' umho 
het Feedback Voltage Ratio Vee = 5V I= —tmA 700 1000 x10-6 
het Current Transfer Ratio Vee = 5V le = —ImA —0.987 —0.99 —0.997 
NF Noise Figure*! Vee = 5V le = —ImA 20 30 db 
fas Frequency Cutoff Va= SV fe = —ImA 2 13 me 
Cor Output Capacitance (Ime) Ves = 5V le = —ImA 10 30 wut 
Res Saturation Resistance* fe = 2.2mA_ Ic = 5mA 70 200 Ohm 
*Comman Emitter t fothe t Conventional Noise—Compared to 1000 ohm resistor, 1000 cps and | cycle band width 


ssa 
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TYPE 2N337 
N-P-N GROWN-JUNCTION SILICON TRANSISTOR 


BULLETIN NO DL-S 69355, MAY 1960—REVISED APRIL 1969 


FOR SWITCHING AND GENERAL PURPOSE APPLICATIONS 
@ Guaranteed 20-55 DC Beta @ Low Collector Capacity 
@ 10 me min Alpha-Cutoft @ High Gain at Low Levels 


mechanical data 


Welded case with glass-to-metal hermetic seal between case and leads. Unit weight is approximately 1 gram. 
All JEDEC TO-S dimensions and notes are applicable. 


ALL LEADS INSULATED FROM CASE 


97 
» $35 0.305 
0.100 MIN: yf 
OF OUTUNE va i 2.019 
THIS ZONE OPTIONAL stato 


absolute maximum ratings at 25°C ambient temperature (untess otherwise noted) 
45 


Collector-Bose Voltege . . . =. . . - 
Collector-Emitter Voltage. . . . . . - 


Collector Current 2 6 1 6 1 we ee ee Ro ita . oe eo ee +) 6 20ma 
Emitter Current . . . 3 Hyves 2 ri see ee) 620ma 
Total Device Dissipation (Derate lw °c for ‘Advanced Temperate ee ew ww ww we 125 mw 
Storage Temperature Range . . . - . eee ew www «OEP to +150°C 


electrical characteristics at 25°C ambient temperature (aie ‘siarovs wecaa) 


Collector Reverse Current 
Collector Reverse Corrent 
Coltector-Base Sreakdown Veltoge 
Collecter-Emitter Breakdown Veltoge 
Emitter-Dase Breakdown Voltage 
A-C Common-Base Input Impedence 
A-C Common-Base Ouipet Admittence 
A-C Common-Base Reverse-Voltage Trensfer Ratie 
A-C Common-Bese Forward-Current Trensfer Retie 
D-C Forward-Current Treaster Retie 
A-€ Common-Emitter Forward Current Trensfer Retie 
Common-Base Alpha-Cuteft Frequency 
Common-Base Output Capecitence 

Sati” | O-€ Commen-Emitter Saturation Resistance 


Turn-on Time [inctudes deley time (ty) ] 
Storage Time 
Fall Time 


INPUT sas, 


90% 
ee Ny 
eae | 


font te + te = t, 
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TYPE 2N338 
N-P-N GROWN-JUNCTION SILICON TRANSISTOR 


BULLETIN NO. DL-S 73356, JUNE 1960—REVISED MARCH 1973 
FOR SWITCHING AND GENERAL PURPOSE APPLICATIONS 


© Guaranteed 45-150 DC Beta © Low Collector Capacity 
@ 20 mc min Alpha-Cutoff @ High Gain at Low Levels 


mechanical data 


Welded case with glass-to-metal hermetic seal between case and leads. Unit weight is approximately 
1 gram. All JEDEC TO-5 dimensions and notes are applicable. 


ALL LEADS INSULATED FROM CASE 


3 COLLECTOR 


DETAUS OF OUTLINE IN 
THIS ZONE OPT! . ALL DIMENSIONS ARE 


IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


absolute maximum ratings at 25°C ambient temperature (unless otherwise noted) 
Collector-Base Voltage 2. 2. 2 1 6 ee ee ee ee ee ee ee ee 45 
Collector-Emitter Voltage. . . . 
Collector Current 2 6 1 we ke ee ee et we ee ee ee wee 620ma 
Emitter Current. . 0. 0. ee ee ee ee ee ee ee ew ee + 6 620ma 
Total Device Dissipation (Derate Imw/°C for Advanced Temperatures) . 2 - 6 6 2 + + ee 125 mw 
Storage Temperature Range ~ 2. 2 2 6 ee ee ee ee et —65°C to +150°C 


electrical characteristics at 25°C ambient temperature (unless otherwise noted) 


| raremerars 
loro 


Collector Reverse Corrent 


Collector, Reverse Current k=? = 150° ¢ 
Collector-Base Breakdown Vottage 

Collecter-Emitter Breakdown Voltage 

Emitter-Bose Breakdown Voltage 

A-C Common-Bose Input Impedance 


A-C Common-Bose Ovitpet Admittance 

AC Common-Base Reverse-Vollage Transfer Ratio 
A-C Common-Base Forward-Current Transfer Ratie 
0-C Forward-Current Tronster Ratio 

A-C Common-Emitter Forward-Current Transfer Ratio 
Common-Base Alpha-Cutoft Frequency 

Common-Base Output Capacitance 


switching characteristics 


Turn-on Time [Inctudes daley time (t4)J 
Storage Time 


Fall Time 


© Thess parameters must be measured using pulse techniques. PW = 300 psec, Duty Cycle <= 2%. 
test circuit 


3 psec —o ef 


iweur—___J L44¥_90% 


tot h +t =h 


eas SN re 
rae 


90% 
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TYPES 2N339 THRU 2N343 
N-P-N GROWN-JUNCTION SILICON TRANSISTORS 


BULLETIN NO. OL-S 733955, JUNE 1963—- REVISED MARCH 1973 


1 Watt at 25°C Case Temperature 
Designed for 
Audio and Servo Amplifier Applications 


mechanical data 


The transistor is in an welded package with glass-to-metal hermetic seal between case and leads. Unit 
weight is approximately 1.5 grams. *JEDEC TO-11. 


A non-insulated mounting clip (Tl P/N 10-31-052-006) is provided with each transistor. Material is 
berytlium copper, cadmium plated — gold iridited. 


ALL LEADS ARE INSULATED FROM THE CASE 


Y r ! DETANS OF OUTLINE 
010 ff yy oies IN THIS ZONE OPTIONAL 3 rans 2217 px 
4 0s22 « 8389 2- Base - 
0.109 TYP. Oa, 1 0.200 MIN - ; 
i, oa70 =u y 
val MAX $333 ova + 
Le mA “tL. —om 
' ss 
0.206 = 0.005 i : : 
0.009 — o125-[-—15 Min 


ALL DIMENSIONS IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
*Collector Current 


*Total Device Dissipation (see note 1)... 2. we ee a - 1000 mw 
*Total Device Dissipation at 100°C Case Temperature (see note). . . . . . , . . . £00mw 
*Total Device Dissipation at 125°C Case Temperature (see note 1). . . 2. . . . . . 200mw 
*Storage and Operating Collector Junction Temperature Range» - - . . . . . -65° to +150°C 
Storage and Operating Collector Junction Temperature Range (Tl Guarantee): - ~ -65° to +175°C 


*electrical characteristics at 25°C case temperature (untess otherwise noted) 


Toa(sat) OC Collecter-Emitter 
Saturation Resistence 


hin AC Commen-Bose Input 
impedence 

Nop AC Commen-Bese 
Output Admittence 


WOTE 1: For bacroased dissipation capability (et cloveted temperature) qveranteed by Texas Instruments, see Dissipation Dereting Curve on page 2 
“indicates JEDEC registered date 
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TYPES 2N339 THRU 2N343 
N-P-N GROWN-JUNCTION SILICON TRANSISTORS 


*functional tests at 25°C case temperature 


Vou = 28 ¥; Ie = 20 ma; 
R=1kO;f=1ke 
Vg = 0.24 


Vos = 454; Io = 15 ma; 
Gee  Common-Emitter Power Gain tcue 
= ULV 
Vos = 67.5 ¥; Io = 10ma 
R=4kO; f= ke 
Vy = O24 


POWER GAIN TEST CIRCUIT 


: Skin 
Indicates JEDEC registered date 


THERMAL CHARACTERISTICS 


DISSIPATION DERATING CURVE 


Py —~ MAXIMUM TOTAL DEVICE 
DISSIPATION — mw 


0 
“50 -25 0 25 50 75 100 125 150 175 
Te CASE TEMPERATURE— ° C 


«ert pS SS tS 
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TYPES A&T404, AST404A, A8T404, AST404A 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-§ 7311979, MARCH 1973 


SILECTTt TRANSISTORS? 
FOR LOW-COST REPLACEMENT OF GERMANIUM 2N404, 2N404A 
@ A&T404, A5T404A Have Standard TO-18 100-mil Pin-Circle Configuration 
¢ A8T404, A8T404A Have Same Outline and Basing as Motorola MPS404, MPS404A 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are Insensitive to light. 


Del atin 4 


NOTES: A. Lead diameter is not controlled in this area. 

8. Leads having maximum diameter (0.019) shall be within 0.007 of their true 
positions measured In the gaging plane 0.054 below the seating plans of the 
device relative to a maximum-diameter package. 

» Ali dimensions are in inches. 


A8T404, AST404A 


+9.005 

0.050 (NOTE A) “| 0.160 _oo3s 
+0.005 

8.100 +0:008 


+ 0.002 
2 aos 0.017 * 3887 


NOTES: A. Lead diameter is not controlled in this area. 
B. All dimensions are in inches. 


ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


AST404 AST404A 
A8T404 A8T404A 


Collector-Base Voltage . 2 2 27, . 1 . —-25V —40V 
Collector-Emitter Voltage (SeeNote1) ........... 02.0880. ae ~24V —-35 V 
Emitter-Base Voltage 6 6 www i -12V —25V 
Continuous Collector Current . 2. 2 2 2 ee ee «— —150 mA——e» 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). +— 625 mW ——e 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 3) . . + 1.25W —> 
Storage Temperature Range . 2 2... * —65°C to 150°C—» 
Lead Temperature 1/16 Inch from Case for 10Seconds ............44 +— 260°C ——e 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 5 mW/°C. 
3. Derate linearly to 150°C lead temperature at the rate of 10 mW/°C. Lead temperature is measured on the collector lead 1/16 inch 
from the case, 


T Trademark of Texas Instruments 
tuU.s. Patent No. 3,439,238 USES CHIP P14 
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TYPES AST404, AST404A, A8T404, A8T404A 
P-N-P SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature 


AST404 | ASTA04A 
PARAMETER TEST CONDITIONS AsT404 | A8T404A 
V(BR)CBO Collector-Base Breakdown Voltage to=—10uA, Ie =0 [-25 | 
ViBR)CEO Collector-Emitter Breakdown Voltage [ Ic=—10mA, Ig =0, SeeNotes [| -24 [-35 | 
V(BRIEBO Emitter-Base Breakdown Voltage le=—10uA, Ic=0 P12 


'cBo Collector Cutoff Current Vep=—12V, Ie=0 | —100 | 
leBo Emitter Cutoff Current Vep*—10V, Ic=0 | —100 | 
00 


Vee = —0.15 Vilg=—12mA 
hre Static Forward Current Transfer Ratio [ Woe sot vcr Emm tS 80 = 
ig=—O4mA, Ig==t2mA 
v ise Citic Valu [Ig =—04mA, Ic=—12MA] oo Noteg v 
BE ase-Emitter Voltage (See Note 5) noes len — TA soe ow 4 | 
Ig =-0.4mA, Ico =—12mMA 
VCE(sat) _ Collector-Emitter Saturation Voltage 


Common-Base Open-Circuit 
Vegp=-6V, le =0, f= 1MH 
Cobo oven aaa car-8v. lero js 


UNIT 


Small-Signal Common-Base 
fhfb Forward Current Transfer Ratio 
Cutoff Frequency 


Vep=—-6V, Ig=1mA 


NOTES: 4. These parameters must be measured using pulse techniques. t,, * 300 us, duty cycle < 2%. 
5. The base-emitter voltage is the principal characteristic difference between these devices and their germanium counterparts. The 
Vg_e maximum limits for the 2N404 and 2N404A are —0,36 V at I¢ = —12 mA, and —0.4 V at ic = —24 mA. 


switching characteristics at 25°C free-air temperature 


AST404 
PARAMETER TEST CONDITIONSt A8T404 
MIN TYP MAX| MIN TYP MAX 


Bt) 7-1 MA, VBE (oft) = 5 V, 
es 
ee ee ee 


Voc=—-10V, I¢=—10mA, 
IB(4) = TMA, Igi2) = 1 mA, 


, ant 
tf Fall Time 
Qr Total Control! Charge See Figure 2 


TVottage and current values shown are nominal; exact vaiues vary slightly with transistor parameters. 


TEXAS, INSTRUMENTS 
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TYPES A5T404, AST404A, AST404, AST404A 
P-N-P SILICON TRANSISTORS 


Le 
PARAMETER MEASUREMENT INFORMATION 


-10V 
+5V 
ka 
INPUT 
OUTPUT “BY it | 
t 
Ska 7~ td j~- >| 
INPUT O— Ba tr ag e a 
I 90% 90% | 
| 1 outeut 
10% 10% 
= (See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1—SWITCHING TIMES 


Ov 
| | INPUT 
OUTPUT -6V—-— ; 


cme, 
10% ~~ OUTPUT 
Leal tor < 0.2 us 


TEST CIRCUIT VOLTAGE WAVEFORMS 


INPUT 


FIGURE 2—-TOTAL CONTROL CHARGE 


NOTES: a. The input waveform has the following characteristics: tp < 1 ns, ty < 1 ns, tw > 5 us, duty cycle < 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: tr <4 ns, Rin > 100 kQ, Cin © 12 pF. 
ce. Ap & 3.8 nC when the transistor turns off monotonically as shown by the solid line. 


ae ee 


PRINTED IN U.S.A. 
Tl cannot assume any responsibility for any circuits shown 


or represent that they are free from patent infringement. TEXAS INSTRUM ENTS 


INCORPORATED 4-19 
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TYPES 2N489 THRU 2N493, 2N489A THRU 2N493A, 2N489B THRU 2N493B 
P-N BAR-TYPE SILICON UNIJUNCTION TRANSISTORS 


BULLETIN NO. DL-S 733190, OCTOBER 1962—REVISED MARCH 1973 


Designed for Medium-Power Switching, 
Oscillator and Pulse Timing Circuits 


© Highly Stable Negative Resistance 
and Firing Voltage 

© Low Firing Current 

© High Pulse Current Capabilities 

© Simplified Circuit Design 


*mechanical data 
Package outline is similar to JEDEC TO-5 except for lead position. Approximate weight is one gram. 


4 NOTES A. This zone is controlled for auto- 
ALL LEADS INSULATED FROM CASE. matic handling. The vatiation in 


actual diameter within this zone shall 
not exceed 0.010. 


B. Measured from max. diameter of 
the actual device. 


C. The specified lead diameter ap- 
plies in the zone between 0.050 and 
0.250 from the base seat. Between 
0.250 and 1.5 maximum of 0.021 diam- 
eter is held. Outside of these zones 
the lead diameter is not controlled. 


DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED. 


*absolute maximum ratings at 25°C free-air temperature (uniess otherwise noted) 


Emitter-Base Reverse Voltage below 150°C Junction Temperature. . . - + + «+ - . —60v 
Interbase Voltage . 6. 6 6 ee ee ee et ee ‘See Note 1 
RMS Emitter Current . . aba gage lai Bi gak el Te oes ene Oe we FO me 
Peak Emitter Current below 150°C Junction Temperature a af Cara Tat, eae 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See ‘Note 2). . we) . 450 mw 
Total Device Dissipation at (or below) 25°C Free-Air bigs anteiaaie) stables (See Notes 3, 4) . 600 mw 
Operating Temperature Range . ee tee ee 2 = 65°C to 140°C 
Operating Temperature Range, Stabilized (See Note 4). Coe ee ee ewe = 65°C to 175°C 
Storage Temperature Range. . tee ee ee eg 6 = 65°C to 175°C 
Lead Temperature % Inch from Case for 10 Seconds ieaoe a Givtenal We tae eG eM 7 2OORC 


NOTES 1. For maximum interbase voltoge see Figure | 
2. Derate linearly te 140°C free-air temperature ct the rate of 3.9 mw /°C. 
3. Derate linearly to 175°C free-air temperature at the rate of 4.0 mw/°C. 
4. Total interbase power dissipation must be limited by external circuit. 


* indicates JEDEC registered data. 
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TYPES 2N489 THRU 2N493, 2N489A THRU 2N493A, 2N489B THRU 2N493B 
P-N BAR-TYPE SILICON UNIJUNCTION TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


| Massa | mereovonion | oacce 
eee [ee Gee ap 
| 2m490, nasa eT 
ECE i 
Ee 
Ea 
| eatmoay _Medutated Interbese Corrent | Vang = 10v, Ig = S0me [ alltypes | 6s | 
emo “Emitter Reverse Corrent = | Vpng = Ov, yy =O | All Types 
ee 
Vere == Ov, Ig, = 0 
Ty == 150% 
[tp Peek Point Emittr Correat | Ven = 254 | All Types 
Yan = We i= Some | m,n |_| 
Ea 
CC 
Ty Walley foint Emit Greet_| Vass = 20, tp = 0A Type | 
Yor Base-One Peak Pulse Voltage | ¥, = 20¥ 
R,, = 22 
See Figure 4 


FIGURE 1— INTERBASE VOLTAGE RATING CURVE 


ya — STATIC INTERBASE RESISTANCE — kf. 
(, =25°C, Vy, =3¥) 
2 3 4 5 6 7 8 9 0 HW WB 


50°C UNSTABILIZED OPERATION + 
60°C 


EXAMPLE: 100°C 
FOR 1, OF 6 ka 
AND T, OF 50°C, MAX. 
ALLOWABLE V,, WOULD 


BE 58 VOLTS. 120°C 


140°C 


80 70 60 50 40 30 20100 
Vezer (mex) — MAXIMUM ALLOWABLE INTERBASE VOLTAGE —v 
(FOR 40-mw EB, DISSIPATION) 


Fer stabilized operation multiply temperature shown by 1.25 (i.e, 175/140) 
“Indicates JEDEC registered data 


=o a SE NGS SETS I II 
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TYPES 2N489 THRU 2N493, 2N489A THRU 2N493A, 2N489B THRU 2N493B 
P-N BAR-TYPE SILICON UNIJUNCTION TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


Emitter (E) 


(BI) Vean Vesisat) 

bY as 
FIGURE 2 ~UNJ JUNCTION TRANSISTOR NOMENCLATURE FIGURE 3— GENERAL STATIC EMITTER CHARACTERISTIC CURVE 
a 


FIGURE 4 — Vos, TEST CIRCUIT 


1 — Intrinsic Standoff Ratio — This porameter is defined in terms 
of the peck-point voltage, V,, by means of the equation: V, 1 
Vern + Vp where Vz is obout 0.56 volt at 25°C and decreases 
with temperature at about 2 millivolts/deg- 


The circuit used to measure 7 is shown in the figure. In this clr- 
cuit, R,, C, and the unijunction transistor form a relaxation oscil- 
lator, and the remainder of the circuit serves as a peak-voltage 
detector with the diode D, automatically subtracting the voltage 
Vp. To use the circuit, the “cal button is pushed, and R, is 
adjusted to make the current meter M, read full scale, The “cal” 
button then is released and the value of 7 is read directly from 
the meter, with 7 = 1 corresponding to full-scale deflection of 
100 pA. 4 

D,: 1N457, or equivalent, with the following characteristics: 

Vp = 0.565 Vat Ip = 50 pA, ; 

Ip S 2 uA at Vy = WY 


FIGURE 5— TEST CIRCUIT FOR INTRINSIC STANDOFF RATIO (7) 


PRINTED IN U.S.A. : 
Tt cannot assume any responsibility for any circuits shown 
4-22 TEXAS INST RUM ENTS or sepresent that they ore free from patent infringement. 
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TYPES 2N696, 2NGS97, 2N717, 2N718, 2N718A, 2N730, 
2N731, 2NS56, 2N1420, 2N1507, 2N1613, 2NT/11 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 693471, MAY 1963—REVISED AUGUST 1969 


Highly Reliable, Versatile Devices Designed for 
Amplifier, Switching and Oscillator Applications 
from <0.1 ma to >150 ma, de to 30 me 


¢ High Voltage «+ Low Leakage 
¢ Useful hr, Over Wide Current Range 


*mechanical data 
Device types 2N717, 2N718, 2N718A, 2N730, 2N731, and 2N956 are in JEDEC TO-18 packages. 
Device types 2N696, 2N697, 2N1420, 2N1507, 2N1613, and 2N1711 are in JEDEC TO-5 packages. 


ras agg ———— te nz [2m ERGST nse [BSESG ane fanny [wn | 
Gotan voiope Tw Pode sfc Poe seed 
cient hae Ba ae] — [| ea ef att 
ee 
ere Vege 


| 5 
et te 
Total Device Dissipation at (or below) 0.6 04 0.5 0.6 
25°C Free-Air Temperature + Tt Raeaen aan 
(See Note Indicated in Porentheses)—=m-| (3) (5) (7) (3) 
Total Device Dissipation at (or below) 20 15 r 
25°C Case Temperature t tt it 
(6 i (4) 
Total Device Dissipation at 1.0 0.75 0.75 1.0 
fee a ee eee 


{See Note indicted in Porentheses)—=o- | (4) 
Paste [200 [st [200 | st | 0 | 300 *e_ 
A5% to 20°C 


WOTES: 1. This value applies when the bese-omliter resistence (Rue) is equal to or less then {Texas Instruments guarantees its types 2N696, 
10 ohms. 2N697, 2N1420, and 2N1507 te he capable of the 
. This valve applies when the base-emitter diede is open-circuited. pop egpcergeral gira bss shown for Lag 
. Derate linearly te 175°C free-air temperature at the rate of 4.0 mw/C®. ‘ la ie « manag doratt 


Borate linearly to 175°C cose temperature at the rate of 13.3 mw/C°, 
Borate linearly te 175°C free-elr temperature et the rate of 2.67 mw/C°. 
Berate iimeerly to 175°C cose temperature at the rete of 10.0 mw/C®. 
Borate lineerty te 200°C free-air temperature et the rate of 2.86 mw/C°, 


Tttexes Instruments guarentess its types 2717, 
2N718, 2N730, and 2N731 te be capable of the 


2s eN ew h we 


same dissipation as registered and shown for types 
Derate linearly te 200°C case temperature at the rete of 10.9 mw/C°, 2N718A and 2N9S6 with apprepricte derating fac- 
. Derate lineorly to 175°C free-air temperature st the rate of 3.33 mw/C®. ters shown in Notes 7 and 8. 


16. Derate linearly te 200°C free-air temperature et the rate ef 4.56 mw/C°, 
11, Borate linewrly te 200°C cose temperature at the rate of 17.2 mw/C°. 


“Indicates JEBEC registered date. 
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TYPES 2N696, 2N697, 2N717, 2N718, 2N730, 2N731 
N-P-N SILICON TRANSISTORS 


telectrical characteristics at 25°C free-air temperature (unless otherwise noted) 


ih | Smal!-Signal Common-Emitter 
fe Forward Current Transfer Ratio 


c Common-Base Open-Circvit 
‘ob Output Capacitance 


c Commen-Base Open-Circult 
ib Input Capacitance 


Vog = Ov, Ig = 50 me, f = 20 me 


[rosso |_| 
[10-5 >| _3N69%6 | 


TEST CONDITIONS [anes7 | | 
Viner tiedeten nado Wolof ig=Wwe=o | we 
Vimjcag ColleirEmitor inakdewn Vologe [lg = Wome, tp=0, wee [| 
Vamjcan Collector Doskdarn Volpe [lg = Wma ty =o, mam | @ |e Te | 

Ip = 100 pro, Ip = 0 
Vienjano Emitter-Bose Breakdown Voltage Except snr turds p= ime Le {ele 
ek 
Voge =O tyme | ete Te 
LL 
reson woe mame [| fT 
EL a 
isso Enter tot Coremt St se gee TT 
Le 
Voge c= meme TT 
veg =v igs me Sone ff 
Vog = l0¥, Ig = l0me, Ta = — 55 ae 

Seo Note 12 

Veg == 10 v, Ig =150 ma, Seo Note 12 Eo 
Se 
ig dentate Volop i p= me, gale, sme? | taf a fa | 
[Vous CalectorEniter Seteration Volts | ip = Wma, Ic = 1i0me, some ie [sf st 1S | 
' Smll-Signal Common-Bave Yo=su ic=tm fate ft fy 
ib _Inpot Impedance ies = lv ig=im, fate [of ft 
p_, __SmallSignel Comen-Base Yos= Su Ig= tm, PEt | Eas 
<b __ utp Admittane Pip = We ioe ime, tate el 
4, __SmallSignal Common-Emitter [veg = Sv Ig= ima Fate | ae) 
Me __Feread Carat Teter Reto [Veg = Ow Ie = Sma T= te | ae ae 


s = | had 


[ETT TET VPP 


MOTE 12: These parameters must be measured vsing pulse techniques. PW = 200 asec, Duty Cycle < 2%. Pulse width must be such that halving or doubling dees not cavse 


a change greater than the required accuracy of the measurement. 


*Indicates JEDEC registered date 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER 10 IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N688, 2NG989, 2N719, 2N719A, 2N720, 
2N720A, 2N870, 2N871, 2N1889, 2N1890, 2N1893 


N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-8 733442, MAY 1963—REVISED MARCH 1973 


Highly Reliable, Versatile Devices Designed for 
Amplifier, Switching and Oscillator Applications 


from <0.1 ma to >150 ma, de to 


° High Voltage + Low Leakage 
+ Useful hp, Over Wide Current Range 


mechanical data 


Device types 2N719, 2N719A, 2N720, 2N720A, 2N870 and 2N871 are in JEDEC TO-18 packages’. 


Device types 2N698, 2N699, 2N1889, 2N1890, and 2N1893 are 


Collector-Base Voltage 
Collector-Emitter Voltage (See Note 1) 


Total Device Dissipation at (or below) 
25°C Free-Air Temperature 
(See Note Indicated in Parentheses) ——»>- 


Total Device Dissipation at (or below) 
25°C Case Temperature 


Storage Temperature Range 


i] 
2. This values applies when the base-emitter diode is epen-circvited. 

3. Derate linearly to 200°C free-air temperature at the rate of 4.57 mw /°C. 
4. Derate linearly to 200°C case temperature at the rete of 17.2 mw/°C. 

5. Derote linearly to 175°C free-air temperature at the rate ef 4.0 mw/°C. 
6. Derate tinearly te 175°C case temperature et the rete of 13.3 mw /°%C. 

7, Derate tinearly te 175°C free-cir temperature of the rate of 2.67 mw/°C. 
8, Derate linearly te 175°C case temperature at the rate of 10.0 mw/°C, 

9. Derate linearty to 200°C free-air temperature at the rate of 2.86 mw/°C. 
0. Derate tinsarly te 200°C cose temperature at the rate of 10.3 mw/°C. 


*JEDEC registered data. 
“The JEDEC registered outline for these devices is TO-5. 
TO-39 falls within TO-5 with the exception of lead length. 


—65°C to 200°C 


Lnoalee! 

Feed ee Pe 
t t t t t 
(4) (6) (8) (4) (4) 


in JEDEC TO-39 packages®. 


+ This values applies when the base-emitter resistance (Rg) is equel to or less then 10 ehms. tTexas Instruments guarantees these devices in 


TO-39 packages date-coded 7326 or higher to be 
capable of increased dissipation as follows: 0.8 W 
at Ta < 26°C derated linearly to Ta = 200°C at 
the rate of 4.57 mMW/C, of 10W at To < 26°C 
(5.71W at Te= 100°C) derated linsarly to 
Tc = 200°C at the rate of 67.1 mW/C. 


tTexas Instruments guarantees its types 2N719 


and 2N720 to be capable of the same dissipation 
as registered and shown for types 2N719A, 
2N720A, 2N870, and 2N871 with eppropriate 
derating factors shown in Notes 9 and 10. 


USES CHIP N23 
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TYPES 2N698, 2N699, 2N719, 2N719A 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (uniess otherwise noted) 


CSC Le Ce 
TEST CONDITIONS [To-s9-0] 2Ness | 2nes9 [Of | 


Collecter-Base t. = 100 c= 0 
VieniC0O preokdown Voltage ic = Oye, bp = 
Collector-Emitter 
VieR)CeO Breakdown Voltege 
Collector-Emitter 
a Se eC CC 
oo pap ig =o a Seen Me 
{IRIE Breokdewn Voltage ey AD ee ee 
qa Wye = We eee aes 
ee ee 
Static Forward Current = =a . 
Transfer Ratio se hats n ‘ | | 


Small-Signal 
hip Commen-Base 
(Input Impedance 
Smell-Signel 
Common-Base 
Yep Reverse Voltage 
Transfer Ratio 


Smalt-Signel 
bop Common-Base 
Output Admittance 


Small-Signal 
Common-Emitter 
Me Forword Current 
Transfer Ratio 
Smal!-Signal 
Common-Emitter 
Forward Current 
Trensfer Ratie 


Common-Base 


Vog = 10, Ig = Sma, f= ike 2 


[eet Vog = 10v, Ie = 50ma, f = me 


Yong = Wy, Ie = 0, = 
¢ Open-Circuit ce ee 7 
‘ob pen-Circu! = 
Output Copacitence Except 2N719: f == 140 ke 
Common-Base 


Veg = OSy, Ig = 0, 


¢ i 
ib Speacinstt Except 20719: ff = MO ke 


Input Copecitence 


NOTE 11 These parameters must be measured using pulse techniques. PW <= 300 ysec., Duty cycle <= 2%. 
Pulse width must be such that helving or doubling dees net cause @ chenge greeter than the 
required accuracy of the measurement. 


*ladicates JEDEC registered dete. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIM 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE 


TYPES 2N696, 2N697, 2N717, 2N718, 2N718A, 2N730. 
2N731, 2N956, 2N1420, 2N1507, 2N1613, 2N1711 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. OL-S 693471, MAY 1963—REVISED AUGUST 1965 


Highly Reliable, Versatile Devices Designed for 
Amplifier, Switching and Oscillator Applications 
from <0.1 ma to >150 ma, de to 30 me 
¢ High Voltage + Low Leakage 
° Useful hy; Over Wide Current Range 


*mechanical data 
Device types 2N717, 2N718, 2N718A, 2N730, 2N731, and 2N956 are in JEDEC TO-18 packages. 
Device types 2N696, 2N697, 2N1420, 2N1507, 2N1613, and 2N1711 are in JEDEC TO-5 packages. 


2N696 
| *LRRESS | BNF [2nzv0n [38739 [anos | 
Collector-Base Voltage 
Collector-Emitter Voltage (See Note 1) 


Collector-Emitter Voltage (See Note 2) 
Emitter-Base Voltage 


Total Device Dissipation at (or below) 

25°C Free-Air Temperature 

(See Note Indicated in Parentheses} —»>- 
Total Device Dissipation at (or below) 

25°C Case Temperature 

(See Note Indicated in Parentheses)» 


7 
100°C Case Temperature 


Eee aed ieee eed Cee oo 


—_ 


_ 


75tt 
—65°C to 200°C 


WOTES: 1. This value applies when the base-emitter resistonce (Rec) is equal to or fess then {Texas Instruments guarantees its types 2N696, 
10 ohms. 2N697, 2N1420, and 2NT507 to be capable ef the 
2. This valve applies when the base-emitter diode Is epen-circulted. same dissipation as registered and shown for types | 
3. Derate Vinearly to 175°C free-air temperature ot the rate of 4.0 mw/C°. rsliengeac apes eC on derating 
4, Derate linearly to 175°C case temperature at the rate of 13.3 mw/C°. 
5. Derate linearly te 175°C free-alr temperature at the rate of 2.67 mw /C. tr ics me fees tte ty shnt7 
. Derate linestly to 175°C fomperatere at the rate of 10.0 5 Stns, Seetremonts,, (uct pes ' 
Se cig Ce eer ree ee ab 2N718, 2N730, and 2N731 10 be capable of the 
7. Derate linearly to 200°C free-air temperature ot the rate ef 2.86 mw/C°. same dissipation as registered and sh for types 
9, 
8. Derate linearly te 200°C case temperature at the rete of 10.3 mw /C*. 2N718A ond 2N956 with appropriate derating fac- 
9. Derate linearly te 175°C free-air temperature et the rate ef 3.33 mw/C°. tors shown in Notes 7 and 8. 
10. Derate linearly to 200°C free-air temperature et the rate of 4.56 mw/C°. 
11. Derate Sinearly te 200°C case fempereture at the rate of 37.2. mw/C°. 


“Indicates JEDEC registered data. 


USES CHIP N24 
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TYPES 2N696, 2NG97, 2N717, 2N718, 2N718A, 2N730, 2N731 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


ih | Small-Signal Commen-Emitter 
fe Forward Current Transfer Ratie 


C Common-Bese Open-Circuit 
‘ob Output Capacitance 
C Common-Base Open-Circwit 
ib Input Capacitance 


Vog = 10 ¥, Ig = Hma, f= 0m 


PARAMETER lt | PB | 
[MIN MAX| MIN MAX] MIN, MAX | 
rea waee=e if @ le fe je te | 
Vimjceo lectern Beakdown Valle | ic = Woe ty=e seme | | [| Tt 
Pig = Wnty =n, sme | # |e [we fe fv | 
Ig = 100 pa, I, = 0 ca 
Except 2W717,20718: Ig = 1 me 
SS 
i) 
EL ON GO = 
ipesy toe ee 
e=Weic=wn | | [Tf 
Wes= Ww c= We | TT Cr 
eee nL 
Vog=Wv, Ig = ime, Semon? | m @| © im] o [wim | 
Wes = Wy, c= me, Semon | | ft ff 
Pipa ne c= Wine, Semon | taf wa ia [is [| 
Pham ica ime, soe [ist ws is Ts Tv | 
Smal-Signal Common-Base Yes=sv ic=tm, f=te | {ff fo | 
Mit _Inpot Impedence Y= We ic=sm, tate | | ft ff | 
case ao Ta ee 
by Saath Slotal Commas PMoe= Su ic=tn fete Tt 
Oupt Ain ig =v tg=im, fate Sore teed 
Small-Signal Common-Emitter [Yop =S% tg=im, f=te | ae zi 
Forward Creat Tener ato Veg = We to = ime, Cate | aaa Ca! 


WOTE 12: These parameters must be measured using pulse techniques. PW = 300 asec, Duty Cycle < 2%. Pulse width most be such thet halving or doubling dees not cause 
| a change greater then the required accuracy of the measurement. 


*tndicates JEDEC registered data 
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4-28 TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPES 2N717, 2N718, 2N718A, 2N956, 2N1420, 2N1507, 2N1613, 2N1711 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (uniess otherwise noted) 


| ee eee 
| tos—e| anvers | 2ni4z0 | 2n1507 [261711 | 


Vieniceo Collecter-Emittor Breakdown Veltoge 
Vienjcen Collector-Emitter Breakdown Voltage i = 100 ma, Rg = 10 02, Seo Note 12 


le = 100 Batp = 0 


logn, Collector Cutelt Current Vog = Mv, Rge = 100 kD 


Vog = 10, Io = 10 po 
Vog = WW, Ig = 100 pe 


Static Ferwerd Current 
Transfer Ratio 


2 


» Small-Signe! Commen-Base 
ib Input Impedance 


b Small-Signa! Commen-Dese 
1 Reverse Veltege Transfer Ratio 


b Small-Signel Common-Base 

o Output Admittance Veg = 84, Io = Smo, f= 1 ke 
b Small-Signal Common-Emitter Veg =S¥, Ic= ime, folk 
fe Forward Current Tronsfer Ratio 


5 Smelt-Signal Commen-Emittor 
Ine! Forward Current Trensfor Retie 


Common-Base Open-Circuit q 
Cot Output Copecitance 
C Commen-Sase Open-Circyit 
ib Input Cepacitence 


Vog =v, Ig = Ome, (= WK 


Veg = Ou =O folm 


ele] URL ETT UD DPP Re EEE 


ry 
2 qx 


WOTE 12: These paremeters must be measured using pulse techniques. PW “ 300 usec, Duty Cycle << 2%. Pulse width must be such that halving or dovbling dees not cause 
a change greater than the required accuracy of the measeroment. 


“Indicates JEDEC registered dete 


TEXAS INSTRUMENTS 4-29 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 | 


TYPES 2N717, 2N718, 2N718A, 2N956, 2Ni613, 2NT/M 
N-P-N SILICON TRANSISTORS 


*operating characteristics at 25°C free-air temperature 


TEST CONDITIONS 


Voce = 10 v, Ic = 300 ra 
NF Spot Noise Figure Re = 510 Q, f = The 


*PARAMETER MEASUREMENT INFORMATION 


oO -50 v 90 +20v 


WAVEFORM 
AT POINT A 


+20 v---7 7 ems We Cee 
OUTPUT . 
90% 


WAVEFORM 


FIGURE 1 — SWITCHING TIME MEASUREMENT CIRCUIT FOR 2N718A AND 2N1613 


WOTES: 13, The input weveform is supplied by @ mercury relay pulse generator with the following characteristics: 1, < | nsec, ty < 1 msec, PW == 15 nsec. Adjust Ry 
and the input pulse amplitude to ehtain the specified voltage levels at Point A. 
14, Weveforms are monitored on @ sompting oscilloscope (1, < 0.4 asec) using o 2000 12 probe. 


“Indicates JEDEC registered data ( typical dota excluded } 


PRINTED IN U.S.A 373 
TI cannot assume any responsibility for any circuits shown 
4-30 TEXAS INST RUM ENTS or represent that they are free from poten! infringement. 
INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N698, 2N699, 2N718, 2N719A, 2N720, 
2N720A, 2N870, 2N871, 2N1889, 2N1890, 2N1893 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. OL-S 733442, MAY 1963—REVISED MARCH 1973 


Highly Reliable, Versatile Devices Designed for 
Amplifier, Switching and Oscillator Applications 
from <0.] ma to >150 ma, de to 30 me 


¢ High Voltage + Low Leakage 
+ Useful h,, Over Wide Current Range 


mechanical data 


Device types 2N719, 2N719A, 2N720, 2N720A, 2N870 and 2N871 are in JEDEC TO-18 packages’. 
Device types 2N698, 2N699, 2N1889, 2N1890, and 2N1893 are in JEDEC TO-39 packages®. 


PLANE . 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE TO-39¢ 


Emitter-Base Voltage 
Collector Current 
Total Device Dissipation at (or below) 
25°C Free-Air Temperature 
(See Note Indicated in Parentheses} —=—>- 
Total Device Dissipation at (or below) . 3.0 
25°C Case Temperature t 
(See Note Indicated in Porentheses) ——p> (4) 
Storage Temperature Range 
WOTES: 1. This velues applies when the base-emitter resistence (Rgg) is equal te oF less then 10 ohms. TTexas Instruments guarantees these devices in 
2. This velues applies when the base-emitter dede is epen-circulted. TO-39 packages Sewseoued oa or higher to be 
3. Dorate linearly te 200°C free-air temperature at the rate of 4.57 mw/°C. rr care coeutionty a trou oa 
4, Derate {tneerly te 200°C case temperature at the rate of 17.2 mw /°C. the rate of 457 mW/'C, or 10W at Tc < 28°C 
5. Derete linearly te 175°C free-air temperature ot the rete of 4.0 mw /°C. (5.71W at To= 100°C) derated linearly to 
6. Derate linearly to 175°C case temperature at the rate of 13.3 mw/°C, To = 200°C at the rate of 57.1 mW/'C. 
7. erate linearly to 175°C free-air temperature ot the rete of 2.67 mw/°C. 
8. Derate lineerty-te 175°C case temperate at the rate of 10.0 mw /%, pba Novespeapeipt acing op Minti aris Ale 
9. Derate linearly te 200°C free-air temperature at the rate of 2.86 mw /°C. 85 registered and shown for types 2N719A, 
10. Derate linearly to 200°C case temperature at the rate of 10.3 mw/°C. 2N720A, 2N870, end 2N871 with appropriate 


derating factors shown in Notes 9 and 10. 


*JEDEC registered dats. 
*The JEDEC registered outline for these devices is TO-5. 
TO-39 falls within TO-5 with the exception of lead length. 


USES CHIP N23 
a a Se a a a LF a TE BE NE TI TIED 
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T EXAS INSTRUMENTS 431 
ORPORATED 


POST OFFICE aa G012 « DALLAS, TEXAS 75222 


TYPES 2N698, 2N699, 2N718, 2N719A, 2N720, 2N720A 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (uniess otherwise noted) 


Collector-Base = 
ViMriCBO Breakdown Voltage ig = 100 ya, ig = 0 
Coltector-Emitter 
Vienice0 Breakdown Veltoge 
Collecter-Emitter Ig = 100 mo, Rgg = 100%, See Note 11 


YORICER sreakdewn Voltage 
Emittor-Bose Ig = 100 pe, Ie = 0 


‘ 
: 
‘| 


VieRIEGO Breakdown Veltoge 


lepo Collector Cutoff Current 


Vog = 10v, Iq = 100 yo 
Veg = 10¥, 
Seo Nete 11 
Vog = 104, Ig = 150 ma, See Note 11 


Statle Forward Current 
Transfer Ratle 


: 


lq = 10me, Ty, = — 55°C, 


= ma, f = lke 


Small-Signal 
hop Common-Rose 
Output Admittence 


Small-Signal 
Common-Emitter 
Me Forward Current 
Transfer Ratio 
Smatl-Signal 
Ihe! Common-Emitter 

fe Forward Current 
Transfer Ratie 


Commen-Base 
on Open-Cireuit 
Output Capacitance 


Commen-Bave 
Cy Open-Circult 
Input Capacitance 


NOTE 11 These parameters must be measured using pulse techniques. PW “= 300 jusec., Duty cycle <= 2%. 
Pulse width must be such that halving er doubling does not cause ¢ change greater than the 
tequired accuracy of the measurement. 

“indicates JEDEC registered dota. 


Vog = 5y, Ig = Ima, f tke 


Vog = 104, Ig = 50 ma, tf = Om 


Voep = l0v, lh = 0, {= 1m 
Except 2N719: t= 1H ke 


Veg = O58, Ig = 0, f 
Except 2N719: f 


4-32 TEXAS INSTRUMENTS 
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wa 
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TYPES 2N719, 2N718A, 2N720, 
2N720A, 2N870, 2N871, 2N1889, 2N1890, 2N1893 


N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air tem percmure (uniess otherwise noted) 


i. 
a 
a 
: 


Collecter-Rese 

VitnIC0O preakdown Voltage 

: Collecter-Emitter 
{RRICKO Erockdown Voltage 


Veg = l0v, Ic = 150 ma, Sen ete TI 


Coltecter-Emitter 
Veutsatt Saturation Volege 


Small! ae ch 


taput peered 
Small-Signe! 


Common-Bese 
he Reverse Voltage 3x 1Sx 
Transfer Retie 1-4 10-4 


Small-Signal 
Commeon-Bose 
Output Admittence 


: 
ete tT EET dele REET UT bbe peel Ey [|| 


Small-Signel 
Ine! Commen-Emitter 
fe Forward Current 
Transfer Ratio 


Commen-Bate 


Co Openr-Cirewit 
Output Cepecitence 


WOTE 11: These parameters must be measured using pulse techniques. PW = 300 ysec., Duty cycle <— sid 
Pulse width must be such thet halving er dowbling dees net cause a change greater than the 
required eccuracy ef the measurement, 

“Indicates JEDEC registered deta. 


Veg = W0v, Ig = Ome, f = Ome 


Yop = 0v, 1g = 8, {= Time 
Excopt 20720: ff = 140 ke 


Vp HOS, Ig=0, f= Im 
Excopt 20720: ff = 140 ke 


PRINTED IN U.S.A. 
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TYPES 2N721, 2N722 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311976, JUNE 1973 


FOR MEDIUM-SPEED, MEDIUM-POWER, GENERAL PURPOSE AMPLIFIER APPLICATIONS 
e fT...60 MHz min (2N722) 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


ALL JEDEC TO-18 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage 6 ww ww ke ee —-50V 
Collector-Emitter Voltage (See Note 1). 2 6 ww ee ee ee ee ee he -35 V 
Collector-Emitter Voitage (See Note2) 2. 2. 2 1 6 ee ee ee eh eh -50 V 
Emitter-Base Voltage 2. 6 1 1 www ee ee he -5V 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note3) ......--26- 0.4W 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note4)  . 1... 2 eee ee 15W 
Storage Temperature Range. ww —65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds 2. 2 1 1 300°C 
NOTES: 1. This value appiles when the base-emitter diode is open-circuited. 

2. This value applies when the base-emitter resistance Rae < 10 22. 

3. Derate linearly to 175°C free-air temperature at the rate of 2.67 mw/c. 

4. Derate linearly to 175°C case temperature at the rate of 10 mw/c. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


USES CHIP P20 
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TYPES 2N721, 2N722 
P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS pet | ae UNIT 

V(BR)CBO _Collector-Base Breakdown Voltage I¢=—100HA, IE =0 [so |-so | 

ViBR)CEO Collector-Emitter Breakdown Voltage | Ic=—100mA, Ip =0, SeeNows5 |-35 | -35 _—siz| 

VIBR)CER Collector-Emitter Breakdown Voltage Ic =-100mA, ReE= 102, See NoteS f-so. {|—-so i 
Vep=-30V, Ig =0 ee 

RST Ty ee TVcp=-30V, le=0 

or ; Veg=-30V, 16 =0, Ta=tsrc[  —1007 — 100] 

lEBO __—Emitter Cutoff Current [Vep=-2V. Io=O T= 100 


Vee =-10V, Ic¢=—5mA 
VcE=—-10V, Ig =—150mA 
VBE Base-Emitter Vottage igp=—-15mA, i¢=—150mA, See Note 5 
VcE(sat) _ Collector-Emitter Saturation Voltage Ip=—15mA, I¢*—150mA, See Note 5 
Small-Signal Common-base Vop=—-5V,  Ic=-1mA, #= 1 kHz 
Input Impedance Vcog=—10V, Ic=—SmMA, f= 1 kHz 


FE Static Forward Current Transfer Ratio See Note 5 


| 


b 


| 


Oo 
* 
o 
x 


Veg =-5V, ic = —1mA, f=1kHz 
Smalt-Signal Common-Base cB c 


@ 
x 
oO 
x 


Rev Voltage Transfer Rati 
erse age Transfer Ratio Vog=—10V, I¢=—5mA, f=1 kHz 


10-4 10-4 
: Small-Signat Common-Base Vep=-5V, Ic=—ImA, f= 1kHz a a 
ob Output Admittance TVop==10V, Ic=2SmA, fetkHz | 5{ S| 
me Stal'Signl ommonemivor [Vee ==8V_ign—tma, fetes [is so| 25 tool | 
Forward Current Transfer Ratio NVoe=-10V, Ic=—SmA, f= 71kHz | 2 | 30 | 


hp Smali-Signal Common-Emitter Vce=-10V, Ic=—-SOmA, f= 20MHz, 
fel Forward Current Transfer Ratio Tc =25C 
Common-Base Open-Circuit 
C Vegz—i0V, ip =, f= 1MHz 
pi Output Capacitance 
Common-Base Open-Circuit 
Cj Veg =—05V, tc =90, f= 1 MHz 
pe Input Capacitance 


NOTE 5. These parameters must be measured using pulse techniques. ty = 300 ys, duty cycle < 1%. 
*JEDEC registered data 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE CASE TEMPERATURE 
2 500 DISSIPATION DERATING CURVE = 16 DISSIPATION DERATING CURVE 
fi i 
s 3 14 
a & 
2 Ss 1.2 
8 3 10 
o o 
fa) a 
8 S$ 08 
8 3 
© & 
s 2 06 
8 8 
E £ 04 
Ss 3 
E gE 
x x 0.2 
iJ 
7 + 
ro 
ba 0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200 
Ta—Free-Air Temperature—C Tc—Case Temperature—°C 
FIGURE 1 FIGURE 2 
73 PRINTED IN U.S.A. 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2NG96, 2N697, 2N717, 2N718, 2N718A, 2N730, 

2N731, 2N956, 2N1420, 2N1507, 2N1613, 2NT/11 

see holed ed oe 

Highly Reliable, Versatile Devices Designed for 

Amplifier, Switching and Oscillator Applications 
from <0.1 ma to >150 ma, de to 30 me 


° High Voltage + low Leakage 
© Useful hy, Over Wide Current Range 


*mechanical data 


Device types 2N717, 2N718, 2N718A, 2N730, 2N731, and 2N956 are in JEDEC TO-18 packages. 
Device types 2N696, 2N697, 2N1420, 2N1507, 2N1613, and 2N1711 are in JEDEC TO-5 packages. 


ZONE. OPTIONAL 
10-5 


| 40 | 
| 40 
| | 
| 5 
| 
Total Device Dissipation at (or below) 0 0.4 
25°C Free-Air Temperature 
(See Note Indicated in Parentheses}——>| —_( (5) 
15 
(6) 


.6 
3 

Total Device Dissipation at (or below) 2.0 : 
25°C Case Temperature ft 
(See Note indicated in Parentheses) —>- 4) 
0 


Total Device Dissipation at 1 0.75 W7 
100°C Case Temperature tT tt 
Operating Collector Junction Temperature =| W75¢ | 175¢t 754 | 200 | 175 [ 200 | 200 | %C_ | 
Storage Temperature Range —65°C to 200°C 
NOTES: 1. This valve applies when the base-emitter resistance (Rgc} is equal to or less than {Texas Instruments guarantees its types 2N696, 
10 ohms. 2N697, 2N1420, and 2N1507 te be capable ef the 
2. This value applies when the base-emitter diode is open-circuited. Pooh ag ge git ond — for types 
3. Derate linearly to-175°C free-air temperatere ot the rate of 4.0 mw/C°. opprepriate derating 
4. Derate linearly to 175°C case temperature at the rate of 13.3 mw/C°. factors shown In Motes 10 and 11, 
5. Derate linearly to 175°C free-air temperature of the rate of 2.67 mw/C°. 
4. Derate lacorly te 175°C case temperature at the rate of 10.0 mw/C*. tttexas Instruments guorantees its types 2N717, 
7, Dorate linearly to 200°C free-air temperatere at the rote of 2.06 aw/C*. ithe Paaiden and 2N731 te be capoble of the 
6. Derete linearly to 200°C case temperature at the rate of 10.3 mw/C°. occa pad a iia aeaeine a ed hen 
9. Derate linearly to 175°C free-air temperature at the rate of 3.93 mw/C°. fors shown In Notes 7 and 8. = 
0. Derate linearly to 200°C free-air temperature at the rate ef 4.56 mw/C°. 
1. 


—= 


Derate fineorly to 200°C case temperature at the rate of 17.2 mw/C°. 


Indicates JEDEC registered deta. 
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4-36 TEXAS INSTRUMENTS 
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TYPES 2N696, 2NG97, 2N717, 2N718, 2N730, 2N731 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


inser Gincncion ination itp ig Waa 

Tiieiceo GikencEnit ston Yolo | lo = Wee y= 0, meme | 

ie torent | igh 
Except 20717,2N718; I, = 1 ma 


ie 


Vou = OY, 1g =0, Ty = 10% 
Vog = 2 ¥, Rye = 100 k2 
Vog = 10, Ig = 100 we 
Vog = 10 ¥, I = 10 mo, See Note 12 

Static Forward Current 


bee Vog = We, Ig = ma, T, = — 55°C 
Transter Ratie Seo Nete 12 


Es aaa a 

ee = We le Sse stow f | 

a a A 
ais 

re 

Es 


| 
| 


7 {y= Wim, Io = 150 ma, Seo Note 12 
h Smait-Signal Commoen-Base 
ib Input Impedence 


b Small-Signal Commen-Base 
th Reverse Voltage Teanster Ratio 


Small-Signal Commen-Bere 
Outpet Admittence 


= = 
Smell-Signn) Common-Emitter | 
Forward Current Transfer Ratio | 

Small-Signat Commen-Emitter 
Intel Forward Current Transfer Ratio Vog = 10, Ie = Mma, = 20 me fs | 


C Common-Base Open-Circuit 
‘ob Output Capacitance 
c Commen-Bose Open-Circuit 
ib Input Copacitance 


WOTE 12: These parameters must be monsured using pulse techniques. PW = 300 jusoc, Duty Cycle < 2%. Pulse width must be such that halving or doubling does not cause 
a change greater than the required accuracy of the mecsuroment, 


*Indicates JEDEC registered date 
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| IN OROER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N849, 2N850 
N-P-N SILICON TRANSISTORS 


DESIGNED FOR HIGH-SPEED SWITCHING APPLICATIONS 


mechanical data 


The transistors are in a hermetically sealed welded package meeting the JEDEC TO-50 outline. 


* CASE OUTLINE ‘ saree INSULATED 


BULLETIN NO, DL-S 652401, MARCH 1962--REVISED OCTOBER 1965 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . . . . 5 25 
Collector-Emitter Voltage (see note 1) . 15v 
Emitter-Base Voltage ete ets, Me Lee Coe See. . &§¥ 
Collector Current Bah abn raion is -repmea le tan wed ede arg Pe aang i 50 ma 
Total Device Dissipation at 25°C Free-Air Temperature (see note 2) . - 03 w 
Total Device Dissipation at 25°C Case Temperature (see note 3) . . 120 
Collector Junction Operating Temperature . Bh a eh a we og oe we a gee ee, AZ SPE 
Storage Temperature Range. 2. 2 2 1. we eee ee ws 65°C to +200°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
PARAMETER TEST CONDITONS 


MIN 


| MAX | UNIT ] 


Collector Cutoff Current Voge = 154, le = 0, 
leso Collector Cutoff Current Yop = 15 ¥, le = 0 Ta = 150°C 
lcso Collector Cutoff Current Vos = 25y, [— = 0 
loer Collector Cutoff Current Voe = 20v, Ree = 100 kO 
leso Emitter Cutoff Current Vee= Sv, Ie =0 
T¥erceo _Collector-Emitter Breakdown Voltage le = 10 ma, I, = 0 


Vierjeso —_—Emitter-Base Breakdown Voltage 


Thee Static Forward Current Transfer Ratio 


+Voe Base-Emitter Voltage 
TVcejset) _Collector-Emitter Saturation Voltage 


Small-Signal Common-Emitter ee a = 
Ihe Forward Current Transfer Ratio | Vee = V0v, le = ~10 mo, f = 100 me 
Cop 


Common-Base Output Capacitance | Veg = 5v, Ie = 0, f= ]me 
*switching characteristics at 25°C free-air temperature 
PARAMETER 
V1) = 3 ma, lay2y = —I mo 


tort Turn-Off Time Veo = 3v, RK. = 2702), (see Circuit A) 


ls = 1ma, Ie = 10 ma 
lj = 1me, Ic = 10ma 


; = TO mo, Voc = TO, (ve Grit ) [piggy 
Storage Time "3 os ig Voc = 10 y, (see Circuit B) 2N849 | 25 | 


Houuy = |loqay| = 10 ma 


FThese poromaters must be measured with a pulse duration of 300 microseconds and a duty cycle of 2 percent. 


NOTES: ¥. This value applies when the base-emitter diode is open-ciscuited. 
2. erate linearly to 175°C free-air temperature at the rate of 2mw/°C. 
4. Derate linearly to 175°C case temperature at the rote of fmw/ °C, 
andicates JEDEC registered data. 


4-38 TEXAS IN STRUMENTS 


RPORATED 
POST OFFICE BOX 5012 »« DALLAS, TEXAS 75222 


30 


TV¥terjcer _Collector-Emitter Breakdown Voltage lo= 10ma, Re = 1020 jo | =—[v | 
Vieayceo —_Collector-Base Breakdown Voltage lc = 10 ya, k = 0 25 
= 10 pa, le =0 ee aes ae 


iat te me [ 2Naso | 40 | 120 _| 
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TYPES 2N849, 2N850 
N-P-N SILICON TRANSISTORS 


‘CIRCUIT A 


vie 


| aN som Vou 
be— ton ——al 
6 | oe 
Vin j 
-2%y —4__— 4) 
Wee pe 
out { | 
| 
be tose A 


Conditions For ton 


Conditions For toff 
Vea *- 4 


Vag2 7 


Vin =+21v Vin = 2 20v 
INPUT AND OUTPUT PULSE WAVEFORMS 


CIRCUIT B 


: ‘ eaatnes 
mt 
Yout -10y ——— 


—— 10% 


— — PULSE WAVEFORM 
AT POINT “A” 


eed 


INPUT AND OUTPUT PULSE WAVEFORMS 


NOTES: @) All capacitances in sf. 
b) All resistors 21%, 0.1 w, HER. 
c) Decoupling capacitors (25pf) are placed across the power supply terminals to Voc and Vag. 
d) The input to each circuit is supplied by « Model 303 Lumatron Mereury-Relay Pulse Generator (Zy4 = 50 9) or equivalent. 
Pulse rise time < 1 nsec. PW = 400 nsec, Duty Cycle = 2%, 
©) Ovtput waveforms ere monitored by a Model 12-AB Lumatron Sampling Oscilloscope (Z,, = 50 Q, rise time < latecjor equivalent. 


“Indicates JEDEC registered dete 


PRINTED IN U.S.A. 


373 
TP connet ossume any sesponsibility for any circuits shown 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N851, 2N852 
N-P-N SILICON TRANSISTORS 


BULLETIN NG. DL-S 652400, MARCH 1962—REVISED SEPTEMBER 1966 


DESIGNED FOR HIGH-SPEED SWITCHING APPLICATIONS 


*QUTLINE DRAWING peg en eee 


ee 

*absolute maximum ratings at 25°C free-air temperature(uniess otherwise noted) 
Collector-Base Voltage . . . . . we alee ea ew OV 
Collector-Emitter Voltage (see note 1) ao Ne TES ge cle oe 12¥ 
Emitter-Base Voltage . ead i ae ~BY¥ 
Collector Current WN bn ctieGe Tamms whee AD th (ie SB ole, arog ce eee . 200 ma 
Total Device Dissipation at 25°C Free-Air Temperature (see note 2). . . «2 1 ww ew ew 1 OS Ww 
Total Device Dissipation at 25°C Case Temperature (see note 3). 2. 2 . . wee we Ww 
Collector Junction Operating Temperature. 2. 2 1 1 1. we ee ew we ww wg UTKPC 
Storage Temperature Range. . 2. 1 1 7 we eee ke es . —65°C to + 200°C 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

[|_______TEST CONDITIONS SCdT:sSMIN, | MAX | UNIT] 


PARAMETER | 
Ices Collector Cutoff Current | Ves=20v, We=O CT | 
Icas Collector Cutoff Current Voe=20¥, Ve = 0, Ta = 170°C ae aa 
lewx Collector Cutoff Current Vou ='10v, Von = +0.35v, Ta = 100°C 


Vienyceo Collector-Emitter Breakdown Voltoge 
Vienceo Collector-Bose Breakdown Voltage 


tee ‘Static Forward Current Transfer Rotlo | Veg = 0.35 v, Ic = 10ma Fe a 
Les} | io | 


- 26+ «© 


thee ‘State Forward Current Transfer Ratio} Veg = 1.0¥, Ie = 100ma 
: : | 2Nes2 | 20 | 
Base-Emitter Voltage : th=1mo, tc = 10ma | 0.65 | 085 | 
{Yee __Base-Emitter Voltage Ig =10me, le = 100 ma | Ts 
Vea__Base-Emitter Voltage e=1mq, Io =10ma, TT. = 55°C a he 
Tee ___Base-Emitter Voltage Ie=10ma, Io =100ma, tT, = —55°C [| _{ i | 
Voujaty Collector-Emitter Saturation Voltage { is =1ma, lc=10ma, 1, = 170°C | s[ 0s | 
Veatuat Collettor-Emitter Saturation Voltage | ty = 10ma, Ic = 100ma, Ta = 170°C a 
lial! mera er Vea = 10y, le =10ma, f= 100 me ree 
en ee 


PARAMETER | TEST CONDITIONS =— ss SS~SY 
Io ae 10 ma in revit A 
Io axe 100 ma in Cireult A | 12 | asec | 


le st 10 ma tn Grevlt A | 2nest | 24 | nsec | 
SEE 


: 
i 


: 
o 


le cat 100 ma in Cicutt A | 2nest [40 | sac | 
Ee NG Ose aa 


Ke I) | 10- me neat B i ae 


‘T These parameters must be measured with a pulse duration ef 300 microseconds end a duty cycle of 2 percent. 
WOTES: 1. This volue applies when the base-emitter diede ts open-circulted. 2. Derate linearly to 175°C free-air temperature at the rate of 2 mw/°C, 
3, Derate linearly to 175°C case temperature at the rate of 8 mw/®C, 


“indicates JEDEC registered data. 
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TYPES 2N851, 2N852_ 
N-P-N SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


CIRCUIT A 


be—ton ——of 
0 ane 
in { 
i 
ue { xa =e 
be-tott —o! 


INPUT AND OUTPUT PULSE WAVEFORMS 


CIRCUIT CONDITIONS 


**Prior base-emitter voltage, “OFF state. 


CIRCUIT 8 


O—— we PULSE WAVEFORM | 
AT POINT "A" 


ct acai: 
| vi 
| Pee 90% out 
a 


INPUT AND OUTPUT PULSE WAVEFORMS 


NOTES: a) All capacitances in pe. 
b) All resistors £196, 0.1 w, HER except R2 Is 0.5 w at 100 ma, 
-) Decoupling capacitors (25j4f) are placed across the power supply terminals to Voc and Vag. 
d) Vpy Is pulsed for 1.5 see ct less thon 10% duty cycle for 100 ma toy to keep case temperature below 30°C. 
e) The input to each circuit Is supplied by a Model 303 Lumatron Mercury-Relay Pulse Generator (Z,,, = 50 9) or equivalent. 
Pulse rise times 1 nsec. PW = 300 nsec, Duty Cycle < 2%, 


f) Output waveforms are monitored by a Model 12-A8 Lumatron Sampling Oscilloscope (Z,,= 50 ©, rise time < Insc) or equivalent. 


73 PRINTED IN U.S.A. 
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or cepresent that they are free from potent infringement. TEXAS INSTRUM ENTS 4-41 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N698, 2NG99, 2N719, 2N719A, 2N720, 


2N720A, 2N870, 2N871, 2N1889, 2N1890, 2N1893 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. OL-S 733442, MAY 1963—REVISED MARCH 1973 


Highly Reliable, Versatile Devices Designed for 
Amplifier, Switching and Oscillator Applications 
from <0.] ma to >150 ma, de to 30 me 

° High Voltage + Low Leakage 

¢ Useful h,, Over Wide Current Range 


mechanical data 


Device types 2N719, 2N719A, 2N720, 2N720A, 2N870 and 2N871 are in JEDEC TO-18 packages’. 
Device types 2N698, 2N699, 2N1889, 2N1890, and 2N1893 are in JEDEC TO-39 packages*. 


EMITTER 


paces 
| te 


DETAILS OF OUTLINE IN. 
‘THs ZONE OPTIONAL 


TO-18* THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE TO-39¢ 


Collector-Base Voltage 


Collector-Emitter Voltage (See Note 1) 
Collector-Emitter Voltage (See Note 2) 
Emitter-Base Voltage 


Total Device Dissipation at (or below) 

25°C Free-Air Temperature 

(See Note Indicated in Parentheses) ———-»> 
Total Device Dissipation at (or below) 

25°C Case Temperature 

(See Note Indicated in Parentheses) —-»- 


Storage Temperature Range 


NOTES: 1. This values applies when the base-emitter resistence (Rye) is equal to or tess than 30 ohms. tTexas Instruments guarantees these devices in 
2. This velves applies when the base-emitter diode is open-circuited. TO-39 packages date-coded 7326 or higher to be 
3. Derate linearly te 200°C free-air temperature at the rate of 4.57 mw/9C. 7 sind a tas wre a 
4. Derate linearly te 200°C case temperature at the rate of 17.2 mw/°C. the AS of 4.87 mW/C, or 10W he; Te < 28°C 
5. Derate linearly te 175°C free-air temperatere ot the rate of 4.0 mw/°C. {6.71W at Tc= 100°C) derated linearly to 
6. Derate linearly te 175°C case temperature ot the rate ef 13.3 mw/°C. To = 200°C at the rate of 57.1 mW/C. 

7. Derate linearly te 175°C free-air temperature at the rate ef 2.67 mw /°C. t 

i 2N719 
6. Derate linearly te 5% cease temperature at the rate of 10.0 mw/ °C. Try ON320 to ho conable ot the eine dissipation 
9, Derate linearly te 200°C free-oir temperature at the rate of 2.86 mw/°C. as registered and shown for types 2N719A, 
10. Derate linearly te 200°C cose temperature at the rete of 10.3 mw /%C. 2N720A, 2N870, and 2N871 with appropriste 


derating factors shown in Notes 9 and 10. 
*JEDEC registered data. 


*The JEDEC registered outline for these devices is TO-5. 
TO-39 falls within TO-6 with the exception of lead length. 


USES CHIP N23 


esas a eee eee 
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4-42 TEXAS INSTRUMENTS 
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TYPES 2N720, 2N720A, 2N8670, 2N871, 2N1889, 2N1890, 2N1893 
N-P-N SILICON TRANSISTORS. 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


’ Cotlector-Base 1. = 100 ie 
(WRICEO Breakdown Veltoge ic = 100 pe, Ip = 0 


’ Collector-Emitter 
(RICEO Breakdewn Voltage 


Io = ma, ly = 0, 


¥ Emitter-Base 
(IRIECO Breakdown Voltage 


loro Cottecter Cutoff Current 


leso Emitter Cutoff Current 


h Static Forward Current 
Fe Tronsfer Ratio 


150 ma, See Note 11 
50 ma, See Note 1} 
150 ma, See Kote 11 

Collector-Emitter = 50ma, See Note 11 
Veeisat! Saturation Volage = = 150 ma, See Note 17 


Vee Base-Emitter Voltage 


Small-Signal = = Ima, f = Ike 
hip Common-Base 
Input Impedance = = Sma, f = lke 
Small-Signol 
b Common-Sase 
rb Reverse Voltage 
Transfer Ratio 


= Ima, f = Ike 


Small-Signal 
hop Common-Base 
Output Admittance 


Smatt-Signal 
Common-Emitter 
Me Forward Current 
Transter Ratio 
Small-Signat 
Common-Emitter 
Intel Forward Current 
Tronsfer Ratio 


= Wy, = 50 ma, f 


Common-Base 

Cop Open-Circuit 
Output Capacitance 
Common-Base 

Ge Open-Circuit 
Input Capacitance 


=Wy, k=, 
Except 2N720: 


Veg = O5S¥, Ie = 0, 
Except 2720: 


NOTE 11; These parameters must be measured using pulse techniques. PW “= 300 juxsec., Duty cycle <= 2%. 
Pulse width must be such that halving or doubling does not couse a change greater than the 
required accuracy of the measurement. 


*Indicates JEDEC registered dato. 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N910, 2N911, 2N912, 2N1973, 2N1974, 2N1975 
N-P-N SILICON TRANSISTORS 


ESPECIALLY FOR SMALL-SIGNAL APPLICATIONS 
e High Voltage e Low Leakage 
e Useful hfe Over Wide Current Range 


e Both Common-Emitter and Common-Base 
Small-Signal Characterization 


mechanical data 


«Aad 


2N910, 2N911, 2N912 


taps 0.019 
. arg OM 0.100 


3—COLLECTOR 
ALL DIMENSIONS 


ARE IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


2N1973, 2N1974, 2N1975 


0.5 MIN 
CASE TEMPERATURE, 
MEASUREMENT POINT 


ALL DIMENSIONS 
ARE IN INCHES 


UNLESS OTHERWISE 


SPECIFIED 
0.100 MIN 


DETAILS OF OUTLINE IN. 
THIS ZONE OPTIONAL 


ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE* 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . ‘ 
Collector-Emitter Voitage (See Note 1) 
Collector-Emitter Voltage (See Note 2) 
Emitter-Base Voltage f ; 
Continuous Device Dissipation at (or below) 25° Cc ‘Free-Air 
Temperature (See Notes 3 and 4) . 
Continuous Device Dissipation at (or below) 25° Cc Cane. 
Temperature (See Notes 5 and 6) . Si te Reh Sen cw Coal Galan, fon Be SOs 
Storage Temperature Range . . Sa te Gp e-cts ap ott Os 
Lead Temperature 1/16 Inch from Case for 10 Seconds eee 


NOTES: 1. This value applies when the base-emitter resistance Rag < 10 £2. 


. This vaiue appiies when the base-emitter diode is open-circuited. 


QOabwon 


and 17.2 mw/C for the 3-watt (JEDEC registered) rating. 


*JEDEC registered data. This data sheet contains ai! applicable registered data in effect at the time of publication. 
*The JEDEC registered outline for these devices is TO-8. TO-39 falis within TO-5 with the exception of tead length. 
t This value is guaranteed by Texas Instruments in addition to the JEDEC registered value which is also shown. 


TEXAS, INSTRUM ENTS 


CORPORA 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


BULLETIN NO. DL-S 733561, MAY 1963--REVISED MARCH 1973 


HIGHLY RELIABLE, VERSATILE DEVICES CHARACTERIZED 


THE COLLECTOR !S IN ELECTRICAL CONTACT WITH THE CASE 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


2N910 2N1973 
2N911 2N1974 
2N912 2N1975 


a—_ 100 v>——> 


0.5 w* 0.8 w 
18." bated 
—65°C to 200°C* 


— 300°C ——_> 


. For 2N910, 2N911, and 2N912, derate linearly to 200°C free-air temperature at the rate of 2.86 mw/C. 

. For 2N1973, 2N1974, and 2N1975, derate linearly to 200°C free-air temperature at the rate of 4.57 mw/C. 

. For 2N910, 2N911, and 2N912, derate linearly to 200° C case temperature at the rate of 10.3 mw/c. 

. For 2N1973, 2N1974, and 2N1975, derate linearly to 200°C case temperature at the rates of 57.1 mw/C for the 10-watt rating 


USES CHIP N23 


a 
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TYPES 2N910, 2NS11, 2N912, 2N1973, 2N1974, 2N1975 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


le = 100 po, k= 0 


tec=Wme, l= 0 


Vos = 75 v, 


Vee = 10 v, le = 100 po 


Yor = 10¥, Ic=10ma (See Note 7} 
le Th = — 55°C 


ty = 1 ma, le= 10 ma 
Ver Base-Emitter Voltage 
Veen) Collector-Emitter Saturation Voltoge 
baie =m ar ae) 
he etn Grnenton «(Yay ete tok | ® waa 
apenas Rr ee 8) 


hip Small-Signal Common-Sase 


ce 


kk = 0, 


hee Static Forward Current Transfer Ratio 


1.25 x 10-* 
1.75 x 10~ 


Rake E 
3 
z 


hep Smalt-Signal Common-Bose | OS | 
cookin | 
hie Smail-Signal Common-Emitter 
Input Impedance 
fie Smoll-Signa! Common-Emitter | 76 200 | 


eee Get Ken tale ase tes sme Tere 


Noe Smali-Signal Common-Emitter 
Ovtput Admittance 


|hy| - Smatl-Signal Common-Emitter 


Forward Current Transfer Ratio Voge = WW v, Ie = 50 ma, f = 20me fo 


pamho 


= region coaa You = 10¥, 1 =0, f= 1 me 


Gp Common-Base Open-Circuit 
Input Copacitance 


TO-18 —e| 2N910 
200 ps 


WOTE7 ; These parcmeters must be measured using pulse techniques. PW < 300 jusec, Duty Cycle < 2%. Pulse width must be such that halving or doubling does not cause 
@ change greater then the required eccuracy of the measurement. 


“Indicates JEDEC Registered Date. 


2N912 
2N1975 


2N1974 
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IM ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N917 
N-P-N SILICON TRANSISTOR 


BULLETIN NO. OL-S 655549, JUNE 1964—REVISED SEPTEMBER 1965 


‘ DESIGNED FOR USE IN VHF AND UHF AMPLIFIER 
AND OSCILLATOR APPLICATIONS 


* Guaranteed Unneutralized Power Gain —9 db min at 200 Mc 
* Low Cobo— 1.7 pf max 
* Low Noise Figure —3 db typ at 60 Mc 


*mechanical data 
4 weans 2919 ow THE ACTIVE ELEMENTS ARE 


ELECTRICALLY INSULATED FROM 
THE CASE 


ALL JEDEC 10-724 DIMENSIONS 
AND NOTES ARE APPLICABLE 


410-72 outline is some as TO-18 outline with the addition of a fourth lead. 
*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage . . . . 1... se alas To ceiee Be, ceiy Ae, Aad fans Ua gant <a. SOV 
Collector-Emitter Voltage (See Note 1). . . . ‘ paar 60 bre ig 15v 
Emitter-Base Voltage. . 2 1 6 ee ee et ee geenie av 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) . . . 200 mw 
Total Device Dissipation at (or below) 25°C Case Temperature (See Note 3) : 300 mw 
Operating Collector Junction Temperature... 6 6) + ee ee .« 200°C 


Storage Temperature Range . . . . 6 6 ee et tt ts , | © = 65°C to 200°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Veet) Collector-Emitter Saturation Voltage Ig = 0.15 ma, lc = 3 ma 
Small-Signal Common-Emitter = = = 
Ihe Forward Current Transfer Ratio Nears ler area T= 100m 


ea 
Common-Bose Open-Circuit 
Cobo Output Capacitance ee aes | [| 


Common-Base Open-Circuit Veg =0.5¥, Io =0, f= 140 ke 
Input Capacitance 2 


Collector-Base Time Constant 


Cito 


ty’C 


Vca—= 10v, lc =4ma, f= 40 Mc 


NOTES: 1. This value applies when the base-emifter diode is open-circuited. 

2. Derate Jinearly to 200°C free-air temperature at the rate of 1.14 mw/C°, 

3. Derate finearly to 200°C case temperature at the rate of 1.72 mw /C°, 

4. This parameter must be measured using pulse techniques. PW — 300 psec, Duty Cycle = 1%. 
+ The fourth lead (case) is floating for olf measurements except Power Gain. For this parometer the fousth lead is grounded. 
‘indicates JEDEC registered data. 


USES CHIP N22 
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“TYPE 2N917 
N-P-N SILICON TRANSISTOR 


*operating characteristics at 25°C free-air temperature 


[PARAMETER TEST CONDITIONS+ 
NF Spot Noise Figure Voe=6¥, Ic==Ima, Rg = 400.0, 


| MIN 
ae eet a 
Cre Unneutratized Smell-Signal Common-[Vce= 10 v, Ico =5 ma, f= 200 Mc, 
Emitter Insertion Power Gain See Figure 1 
; Voco=15¥, lo=8 ma, f= 500 Mec, 
ee pe 


© The feerth teed (cose) is floating for all measurements except Power Gain. Fer this parameter the fourth lead Is grounded. 


* PARAMETER MEASUREMENT INFORMATION 


CIRCUIT COMPONENT INFORMATION 


Cl, C2, ond C9: 0.05 pF 
C3: 1.5 - 10 pf 

= C4 ond C5: 1000 pf 
FROM 50 2 


TO 502 C6 and C7: 3~- 15 pf 
SOURCE DETECTOR C8: 25 uF 
RI: 2.2kQ 
Li; 17 #12 AWG, 2 cm ID 
L2 and L3: _200Mec RFC 
L4: 1/2 T #12 AWG, 3 cm ID 
L2 D1 and D2: 11N3063 (or equivalent) 


D-C COMMON @& 


FIGURE } — UNNEUTRALIZED 200-Mc INSERTION POWER GAIN TEST CIRCUIT 


3 C1 and C2: 1000 pf 
OUTPUT eae 
DOUBLE 1 2.2kQ 
ce L1 ond £3: 500 Me REC 
t2 J. TUNER a. L2: 27 416 AWG, 3/8" OD, | V4" length 


Double Stub Tuner consists of the following 
plumbing (of equivalent): 


2 GR Type 874 TEE 
1 GR Type 874-D20 Adjustable Stub | 
1 GR Type 874-LA Adjustable Line 

+v. 1 GR Type 874-WN3 Short-Circuit 

a5 ce Termination 


L3 


FIGURE 2 — 500-Mc OSCILLATOR POWER OUTPUT TEST CIRCUIT 
* Indicates JEBEC registered date 


nl 
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TYPE 2N918 
N-P-N SILICON TRANSISTOR 


BULLETIN NO. DL-8 7311989, MARCH 1973 


FOR VHF AND UHF AMPLIFIER AND OSCILLATOR APPLICATIONS 
e Low Noise Figure... 6 dB max at 60 MHz 
© High Neutralized Power Gain... 16 dB min at 200 MHz 
© High Oscillator Power Output .. .30 mW min at 500 MHz 


*mechanical data 
THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 


4 Lanne ABE ova 


4 
+ *absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage www ee 30V 
Collector-Emitter Voltage (See Note 1) 6 0 ee 15V 
Emitter-Base Voltage 6 ww wc ee 3V 
Continuous Collector Current . 0 6 1 6 ee ee ee te ee eh 50mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) . . 2... 2 + ss 200 mW 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note3). ......... . 300mW 
Storage Temperature Range. ww —65°C to 200°C 
Lead Temperature 1/16 Inch from Case for GO Seconds 2 2 6 6 we et ee 300°C 


“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


[WipRi6a9 Collector Save Breskdown Vatooe | le=1HA,_te=0 
[VipR}CEO Collector Emitter Breakdown Volwpe | 1c=SmA,_p=0, See Nowe 


d Vop=15V, Ie =0 
; Baileatoneakate [Vep=15V. te 
CBO ‘ollector Cutoff Current Veg 18V, le =, Ta = 180°C 


hee Static Forward Current Transfer Ratio VcE=1V, Iloz3mA 
VBE Base-Emitter Voltage Ip=tmA, Ig=10mA 
VCE (sa Collector-Emitter Saturation Voltage Ip=imA, tc=10mA 


Small-Signal Common-Emitter 
h Voce = 10V, Ic =4mA, f= 100 MH 
Intel Forward Current Transfer Ratio ce= 10 7 i . 


Co Common-Base Open-Circuit Veep 7 10V, le =0, 
bo Output Capacitance Vcp"™ 9, le = 0, 
Cibo Common-Base Open-Circuit Vea™0.8V, Ic =0, 


Input Capacitance 
th'Co Collector-Base Time Constant Vop2 10V, Ie =—4 mA, f= 79.8 MHz 


NOTES: 1. This value applies when the base-emitter diode Is open-circulted. 
2. Derate linearly to 200°C free-air temperature at the rate of 1.14 mW/°C. 
3. Derate linearly to 200°C case ternperature at the rate of 1,71 mw/*c. 
4. This parameter must be measured using pulse techniques, ty, * 300 fs, duty cycle © 2%. 
*JEDEC registered data. This date sheet contains all applicable registered data in effect at the time of publication, 
TThe fourth lead (case) Is floating for all measurements except power gain. For this measurement, the fourth lead is grounded. 
USES CHIP N22 
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TYPE 2N918 
N-P-N SILICON TRANSISTOR 


“operating characteristics at 25°C free-air temperature 


J PARAMETER [TEST CONDITIONS____sT MIN MAX] UNIT | 


Vce"6V, Ic=tmA, Rg=400n, 
F Spot Nolse Figure {= 60 MHz 


G Neutralized Smali-Signel Common- Vop212V, i¢=6mA, f= 200 MHz 
pe Emitter Insertion Power Gain See Figure 1 


Po Oscillator Power Output Vep*18V, Ig28mA, f = B00 MHz 
See Figure 2 


“PARAMETER MEASUREMENT INFORMATION 


CIRCUIT SCHEMATIC NEUTRALIZATION ADJUSTMENT PROCEOURE 

C2 After tuning amplifier as for normal gain measurement, reverse 
input and output connections and tune 12 for minimum indication 
on detector. This sequence is repeated until optimum settings ore 
obtained for all variables. 


L3 
FROM 50 Q 


SOURCE 2 CIRCUIT COMPONENT INFORMATION 
C7 = C1; 3-12 pF C6: 0.08 uF 
C2 and C7: 1000 pF Ri: 1002 
TO 502 C3: 1.5—7.6 pF R2: 1kN 
DETECTOR C4 and C8: 0.01 uF 
Li: 3% T #16 AWG, 5/16" ID, 7/16” length 
4 Turna Ratio ~ 2 to 1 


L2: 0.4—0.65 WH, Miller #4303 (or equivalent). 
L3: 8 T #16 AWG 1/8" ID, 7/8" length, 

O +V, Turns Ratio * & to 1 

ce L4: 200 MHz RFC 


FIGURE 1—NEUTRALIZED 200-MHz INSERTION POWER GAIN 


CIRCUIT SCHEMATIC 


CIRCUIT COMPONENT INFORMATION 
Ct and C3: 1000 pF 


LEAD 4 (CASE) C2: 5OpF 
FLOATING C4: 75 pF 
OUTPUT R1: 2.2k2 
L1, L3, and L4: 0.2 nH, Ohmite 2460 (or equivalent). 
dOUBLE L2: 2 T #16 AWG, 3/8” OD, 1-1/4" length 
= ya = Oouble-Stub Tuner consists of the following 


plumbing (or equivalent): 
2 GR Type 874 Tee 
1 GR Type 874—020 Adjustable Stub 
1 GR Type 874—-LA Adjustable Line 
1 GR Type 874—-WN3 Short-Circuit 
Termination 


FIGURE 2—500-MHz OSCILLATOR POWER OUTPUT 


*JEOEC registered data 
TThe fourth lead (case) is floating for all measurements except power gain, For this measurement, the fourth lead is grounded. 
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TYPE D2T918 
DUAL N-P-N SILICON TRANSISTOR 


BULLETIN NO. DL-S 7311977, MARCH 1973 
TWO TRANSISTORS IN ONE PACKAGE 
FOR VHF AND UHF AMPLIFIER AND OSCILLATOR APPLICATIONS 

© Low Noise Figure . . . 6 dB max at 60 MHz 

e High Neutralized Power Gain .. . 15 dB min at 200 MHz 

© High Oscillator Power Output . . . 30 mW min at 500 MHz 


mechanical data 


ALL LEADS INSULATED FROM CASE 


Dimensions without tolerance desig- 
nate true position. Leads having maxi- 
mum diameter (0.019) measured in 
gaging plane 0.054” +0.001"" -0.000" 
below the seating plane of the device 
shal) be within 0.007” of their true 
position reiative to a maximum width 
tab. 


COLLECTOR 1 
BASE 1 

. EMITTER 1 

. EMITTER 2 

. BASE 2 

. COLLECTOR 2 


ALL DIMENSIONS ARE IN INCHES 
UNLESS OTHERWISE SPECIFIED 


NOAGON= 


4 
& absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage 6 ww ee ee ee eee BON 
Collector-Emitter Voltage (SeeNote1) 2 6. ee ee ee ee TEV 
Emitter-Base Voltage 2 16 6 6 ww 3V 
Continuous Collector Current . . 2 ee ee) 65OMA 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2): Each Triode . 2» « 200mW 
: Total Device. . . . 300mW 


Storage Temperature Range. we —65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10Seconds . . 2 1. ee ee 300°C 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


[PARAMETER | ___TESTCONDITIONS____—[MIN_TvP_MAx [UNIT] 
VipR)EBo EmitterGem Sreskdown Volto | 1e=10uA, Ic=0 


Eee Ee 
haa ae 
Vi vt pA 
[Vep=15Viie=o TT 
tes etme cunntcummnt yeaa vig s OTA OE] 
p20 
ea 


hee Static Forward Current Transfer Ratio VoeEZ=1V, I¢=3mA 
VBE Base-Emitter Voltage Ig=imA, !¢=10mA 
VCE (sat Coilector-Emitter Saturation Voltage Ip=tmA, I¢=10mA 


Small-Signal Common-Emitter 
hi VcE=10V, I¢=4mA, £=100MH 
Ihtel Forward Current Transfer Ratio ce~ 10 c 2 i el (a, 
C Common-Base Open-Circuit Vop = 10V, le =0, f=1MHz 
pe Output Capacitance Vep=0,. le=0, f= 1 MHz 


Common-Base Open-Circuit 
C Veg = 0.5 V, Ic = 0, =1Mi 
ibo Input Capacitance cere oe : is eae 


lp'Ce Collector-Base Time Constant Vcogp710V, Ie =—4 mA, f= 79.8 MHz 


NOTES: 1. This value appiies when the base-emitter diode is open-circuited. 
2. Derate linearly to 178°C free-air temperature at the rates of 1.33 mW/C for each triode and 2 mW/°C for the total device. 
3. This parameter must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%, 


USES CHIP N22 
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TYPE D2T918 
DUAL N-P-N SILICON TRANSISTOR 


operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS [MIN MAX] UNIT 


Voce =6V, Ic =1mA, Rg = 4002, 
F t Noise Fi 
f = 60 MHz 
G Neutralized Small-Signal Cormmon- Vcop=12V, I¢=6mA, f = 200 MHz 
pe Emitter Insertion Power Gain See Figure 1 
Po ae oe 


Oscillator Power Output Vcop=15V, Ic=8mA, f = 500 MHz 


n Coltector Efficiency 


See Figure 2 


PARAMETER MEASUREMENT INFORMATION 


CIRCUIT SCHEMATIC NEUTRALIZATION ADJUSTMENT PROCEDURE 


C2 After tuning amplifier as for norma! gain measurement, reverse 
input and ovtput connections and tune L2 for minimum indication 
on detector. This sequence is repeated until optimum settings are 


FROM 509 é obtained for all variables. 
SOURCE (iP C—O CIRCUIT COMPONENT INFORMATION 
C7 = C1: 3-12 pF C6: 0.05 uF 
C2 and C7: 1000 pF R1: 1002 
Gerken C3: 1.5—7.5 pF R2: 1k 


C4 and CS: 0.01 uF 
Li: 3% T #16 AWG, 5/16” ID, 7/16” length 
Turns Ratio * 2 to 1 
L2: 0.4—0.65 #H, Miller #4303 (or equivalent). 
L3: 8 T #16 AWG 1/8” ID, 7/8” tength, 
4V, Turns Ratio = 8 to 1 
ce L4: 200 MHz RFC 


FIGURE 1—NEUTRALIZED 200-MHz INSERTION POWER GAIN 


CIRCUIT SCHEMATIC 


CIRCUIT COMPONENT INFORMATION 
C1 and C3: 1000 pF 


C2: SO pF 
C4: 75 pF 
OUTPUT Ri: 2.2k2 
L1, L3, and L4: 0.2 wH, Ohmite 2460 (or equivalent). 
DOUBLE L2: 2 T #16 AWG, 3/8" OD, 1-1/4” length 
= STUB = Doubie-Stub Tuner consists of the following 
or TUNER = 


plumbing (or equivalent): 
2 GR Type 874 Tee 
1 GR Type 874—D20 Adjustable Stub 
1 GR Type 874—LA Adjustable Line 
1 GR Type 874—WN3 Short-Circuit 
Termination 


FIGURE 2—S00-MHz OSCILLATOR POWER OUTPUT 


ELST ET a I SE ST TE 
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4-51 


TYPES 2N929, 2N930 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 653553, MAY 1963—REVISED SEPTEMBER 1965 


FOR LOW-LEVEL, LOW-NOISE, HIGH-GAIN, AMPLIFIER APPLICATIONS 


© Guaronteed hy, at 10 pa, T, =—55°C and 25°C 
© Guaranteed Low-Noise Characteristics at 10 pa 
© Usable at Collector Currents as Low as 1 pa 


*mechanical data 


THE COLLECTOR IS IM ELECTRICAL 


ease CONTACT WITH THE CASE 
E lA 
4 Yn, ALL JEBEC TO-18 DIMENSIONS 
. AND MOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage. . . gestae hic tas ‘carl ver, Silo eae he” ves eke 8! ee? 45 
Collector-Emitter Voltage (See Note 1) 2S gl we eh Re ec ee ee ae Ne, ae 45 
Emitter-Base Voltage . 2. 2. - 2 6 ee 8 6 oe ee ee ee ee eee 5 
Collector Current . . Bos ated 30 ma 
Total Device Dissipation a ie below). 25°C GraecAir: Tenperchrs (See Note 2) . 2 . + 300 mw 
Total Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . . . . 600 mw 
Operating Collector Junction Temperature . . - - - + 2 © e+ © ee ‘ 175°C 
Storage Temperature Range . . 6 6 6s 2 8 ee te et es ~ 65°C to + 200°C 


NOTES: 1. This value applies when the base-emitter diede Is epen- circuited. 
2. Derate linearly to 175°C free-cir temperature at the rate of 2.0 ww/C®. 
3. Derate linearly te 175°C cose temperature ct the rete of 4.0 mw/C®. 


"Indicates JEDEC registered deta 


USES CHIP N11 
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452 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


TYPES 2N929, 2NS30 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (uniess otherwise noted) 


sary -PEMiTiONE |_2ne29__| _2N930_| 


Vierjceo Colector-Emitter Breakdown Voltage | Ic = 10 mo, I, = 0, {See Note 4) P| 


Vienjeso Emitter-Base Breakdown Voltage k=0n Ic =0 
Icpo —s Collector Cutoff Current 


i 
; 
‘ 
7 
5 


\ 
sil Va=45v, Ve=0,  =170°C 


[Nexo Cllctr Cutoff Curent | 
[tuo__Enitter Cte Coreat 
Vee =5¥, Io = 10 po 
Voge = 5, le = 10 pea, T, = —55%C 
Revert Gt ee aasy =e 
Yoe=5v, Ic =10 ma, (See Note 4) 
[Vox ReseEmitter Vologe 
| Vex Colledr-Emiter Seturation Veltge 


[MIN 
4s 
| 5 | 
me 
= 
ZZ 
ie 
| 
rH 
10 | 
60 
| 
Voc Dase-Emitter Voltoge Ip = 0.5 ma, tc = 10 mo, (See Mote 4) [06 | 
el 


i 
i 
i 


Vosjuaty Collector-Emitter Saturation Veltage ls = 0.5 ma, Ic = 10 ma, (See Note 4) 


Se ST 
ib Input Impedance 


Small-Signal Common-Base = _ _ 
he Reverse Voltage Transfer Ratio Vos = Sv, le =—1 mo, f= 1 ke 


Small-Signal Common-Base 

Output Admittance Vos = Sv, le =—1 mo, f=1 ke 
Smali-Signal Common-Emitter ‘ 

he Forward Current Transfer Ratio Voe=5¥, Ic=1ma, f=1ke 


Small-Signal Common-Emitter 
Intel Forward Current Trosfer Ratie Vor =5¥, Ie = 500 pa, §= 30 me 


Gwe Common-Base Open-Grevit 
Output Copacitance 


60x 
10+ 


BL de dele] TTT alee tele) -}-] 


f 


=o 
o 


*operating characteristics at 25°C free-air temperature 


niki Wohabieioate [_aweze _|_ausso 


| MAX 
= Voce = 5 ¥, Ic = 10 pa, Re = 10k 
WF Average Noise Figure Wolse Bandwidth 10 ps to 15.7 kc 


WOTES: 4. These peremeters must be measured using pulse techniques. PW — 300 ysec, Buty Cycle < 2%. 
5. ogg may be used in plece of Icgc fer circelt stability celcoletions, 
elndicates JEDEC registered date. 
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TEXAS INSTRUMENTS 453 


INCORPORATED 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N696, 2N697, 2N717, 2N718, 2N7I8A, 2N730, 
2N731, 2N956, 2N1420, 261507, 2Ni613, 2NT/1 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 693471, MAY 1963— REVISED AUGUST 1969 


Highly Reliable, Versatile Devices Designed for 
Amplifier, Switching and Oscillator Applications 
from <0.1 ma to >150 ma, de to 30 me 


* High Voltage + Low Leakage 
¢ Useful he Over Wide Current Range 


*mechanical data 
Device types 2N717, 2N718, 2N718A, 2N730, 2N731, and 2N956 are in JEDEC TO-18 packages. 
Device types 2N696, 2N697, 2N1420, 2N1507, 2N1613, and 2N1711 are in JEDEC TO-5 packages. 


THs ZONE 
TO-18 THE COLLECTOR 1S IN ELECTRICAL CONTACT WITH THE CASE ey 


[BNGSS | BNZ1z | 2nzv0a [2nva |2N956 [2Ntgor PNV61S [2nt711 | UNIT | 
Collector-Base Voltage | 60 | | 75 | 60 | 
[| so [| 40 


Collector-Emitter Voltage (See Note 1) 


| 60 

| 40 | 40 
[Collector-Emitter Voltage (See Note 2) | | 
ee | 

ae cee 


Emitter-Base Voltage 


Collector Current 


ed 
| 5 
| 1.0 | 
Total Device Dissipation at (or below) 0.6 0.4 0.5 0.5 
25°C Free-Air Temperature t 
(See Note Indicated In Parentheses)—-| (3) (5) (7) (9) 
8 15 
(6) 
5 


= o 
aw 
a) 
a+ 
= os 
a) 
= So 
an) 


Total Device Dissipation at (or below) 2.0 15 VW 
25°C Case Temperature ; tt 
(See Note Indicated in Parentheses)» (4) (6) 
Total Device Dissipation at 1.0 0.75 07: 1.0 7 
100°C Case Temperature tT tt tt t 
str | 700 | 


Storage Temperature Range 


—65°C to 200°C 


NOTES: 1. This value applies when the base-emitter resistance (Roc) Is equal to or less than {Texas (nstruments guarantees Its types 2N696, 
10 ohms. 2N697, 2N1420, and 2N1507 to be capable of the 

2. This value applies when the base-emitter diede is open-cirevited. same dissipation as registered and shown for types 
3. Derate linearly to 175°C free-air temperature at the rate of 4.0 mw /C. pibtelly fen rane with apprepricte derating 
4. Derate linearly to 175°C case temperature at the rate of 13.3 maw/C, tert. ao Mates Osaae: hte 
5. Derate linearly te 175°C free-air temperature at the rate of 2.67 aw/C, 
6. Derate Jinearly to 175°C case temperatura at the rate of 10.0 mw/C®. THTexas Instruments guarantees its types 2N717, 
7, Derate linearly to 200°C free-air temperature at the rate of 2.86 mw/C°. adap ereien rg ee ie by xia et me 
8. Derate linearly to 200°C case temperature at the rate of 10.3 mw/C, uri SA a aHO56 an scat dae (0 
9. Derate tinearly to 175°C free-air temperature at the rate of 3.33 mw/C°. tors shown in Notes 7 and 8. 
10. Derate tinearly to 200°C free-air temperature at the rate of 4.56 mw/C°. 
11, Derate linearly to 200°C case temperature at the rate of 17.2 mw/C°. 


*Indicates JEDEC registered date. 
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4-54 TEXAS. INSTRU MENTS 


NCORPORATE 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


TYPES 2N718A, 2N956, 2N1420, 2N1507, 2N1613, 2NT/11 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Vimicio Colceeaiior toate Yolen [ip = Nne =e, eto 
Vimyean_lictocEniter Beatdown Vote | Ig = 100 weg = 100, Sr Now i 


Vog = 0 ¥, Io = 10 po 


Yog = 0 ¥, Io = 100 pe 


Stetic Forward Current 
Tronsfer Ratio 


Yog = 10 ¥, Ig = 10 me, Ty = — 55%, 
See Mete 12 


Small-Signal Commen-Base 


Veg = We = 5 wa 
iy = me Ie = 1 me, ete 
Me tng epee er = Wr ie = ine Fate 


Smail-Signel Common-Bese 
Reverse Voltege Transfer Retie 


¢ Common-Base Open-Circuit 
‘ob Output Cepecitonce 
C Common-Sase Open-Circult 
ib Input Cepacitence 


See switching characteristics for types 2N718A and 2N1613 on pages 4-30 or 4-72. 


ef ad fetetesee lta TT Lea 
ets] TER PTT UT PPB RL EEF 


: 
ET Let it UU el eel (Tea 


*operating characteristics at 25°C free-air temperature 


ne | i= 
[76-5] 2Nt711_ | 2N1613__ 
; Veg = 10 v, Ic = 300 ro 
WF Spot Meise Figure Re = S10, F Vike 
NOTE 12: These parameters must be measured using pulse techniques. PW = 300 psec, Duty Cycle < 2%. Pulse width must be such that halving or doubling does not cause 
a change greater thon the required accuracy of the measurement. 


“Indicates JEDEC registered data 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. i 


TYPE 2N997 
N-P-N DARLINGTON-CONNECTED SILICON TRANSISTOR 


BULLETIN NO, DL-S 7311677, MARCH 1972—REVISED MARCH 1973 


TWO TRIODES INTERNALLY CONNECTED 
IN DARLINGTON CONFIGURATION 


e Very High Gain... 1000 min at 100 uA 
@ Low Leakage... 10 nA max at 60 V 
e@ Rugged internal Connections 


*mechanical data 


ete THE COLLECTOR IS IN ELEC- 
TRICAL CONTACT WITH THE 
CASE 
ALL JEDEC TO-18 DIMENSIONS 
AND NOTES ARE APPLICABLE 


3— COLLECTOR 


ALL DIMENSIONS ARE 
IN WICHES 
‘UNLESS OTHERWISE 
SPECIFIED. 


4 *absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage 6 ww ee 75V 
Collector-Emitter Voltage (See Note 1) 6 6 6 we 40V 
‘Emitter-Base Voltage 6 6. 7V 
Continuous Collector Current 2.6 1 6k ee 300 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) ......... . O5W 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) eee ke etd ae aati ek Jo TSW 
Storage Temperature Range pelea Maha tty tite at Oey tic Wane hy Shi pas wld lets —65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds «2 6 1 6 ee ee ee ee ee 300°C 
*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
[~S™*é“C«~é AARAMETER CT CTESTCONDITIONS | MIN MAX JUNIT| 


V(BR)CBO Collector-Base Breakdown Voltage l¢=100KHA, Ig =0 
V(BR)CEO Collector-Emitter Breakdown Voltage Ie =30mA, tg «0, SeeNote4 [| 40 | V | 


V(BR)EBO Emitter-Base Breakdown Voitage te =100uA, Io=0 


Vep=60V, Ie=0 
IcBo Collector Cutoff Current cs 7 


Vogp=60V, te =0, Ta = 150°C 
‘EBo Emitter Cutoff Current Vep=5V, Io =0 


hee Static Forward Current Transfer Ratio 
VceE=10V, Ic=100mA, Ta = —55°C, 
See Note 4 


VBE Base-Emitter Voltage VcE=10V, Ic= 100mA, See Note 4 0.9 1.8] V 


Voe = 10V, Ig = 100HA [1000] 
VcE=10V, I¢=10mA ’ 
VceE=10V, Ic=100mA, See Note 4 7000 70000 


VcE(cat)  Collector-Emitter Saturation Voltage Ig=1mA, Io = 100 mA, See Note 4 | CY OV 
Cobo Common-Base Open-Circuit Output Capacitance | Vog™10V, ie =0, f= 1MHz a 


NOTES: 1, This vatue applies when the emitter-base diode is open-circuited. 
2. Derate linearly to 175°C free-air temperature at the rate of 3.33 mw/"c. 
3. Derate linearly to 175°C case temperature at the rate of 10 mw/c. 
4. These parameters must be measured using pulse techniques. ty = 300 us, duty cycle & 2%. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
USES CHIP N23 
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4-56 TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXA® 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N998 
N-P-N DARLINGTON-CONNECTED SILICON TRANSISTOR 


BULLETIN NO. DL-S 7311939, JUNE 1973 


TWO TRIODES INTERNALLY CONNECTED 
IN DARLINGTON CONFIGURATION 
@ Very Highhre ... 1600 min at 10 mA 
e Low IcBo...10 nA max at 90 V 
e Rugged Internal Connections 


*mechanical data 


THE COLLECTOR {8 IN ELECTRICAL CONTACT WITH THE CASE 


4 LEADS 2938 DIA 0.100 
9210 


0.030 060 3- COLLECTOR 


mM 
Ax 4 —SASE 2 ALL DIMENSIONS 
EMITTER 1 ARE IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (uniess otherwise noted) 


Collector-Base Voltage ww ww tk te te 100 V 


Collector-Emitter Voltage (See Note 1) 2 2 6 6 we 60 V 
Emitter-Base: Voltage “ssi i aa eo ao ee GA OE, Se, es BO wy wt oR 15V 
Continuous Collector Current . 2. 2 6 1 ee ee ee . . 50O0MA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) .....2.2.2.2..~. 0.5 W 
Continuous Device Dissipation at (or below) 25°C Case Temperature (SeeNote3) .....2..2.<... 18W 
Storage Temperature Range. ww wk kk ee —65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10Seconds . . 2. 1 6 ee 300°C 


NOTES: 1. This value applies when the emitter-base diodes are open-circuited. 
2. Derate linearly to 200°C free-air temperature at the rate of 2.86 mW/'C. 
3. Derate linearly to 200°C case temperature at tha rate of 10.3 mW/*C. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPE 2N998 
N-P-N DARLINGTON-CONNECTED SILICON TRANSISTOR 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONSt 
V(BR)CBO Collector-Base Breakdown Voltage Io =100uA, I¢ =0 


V(BR)CEO Collector-Emitter Breakdown Voltage I¢=30mA, tp=0, See Note 4 | eo 
ViBR)EBO Emitter-Base Breakdown Voltage le =100pA, Ic =0 | 1 


Vop=S0V,_1e=0 79] 


IcBo Collector Cutoff Current 


Vop=90V, le =0, Ta= 1580 C 
lEBo Emitter Cutoff Current Veg210V, Ic=0 


=BV, Ico=l 
Static Forward Current Transfer Ratio vee" s c m 


nA 
pn 
hee ; Vce=5V, Ic=10mA, See Note 4 
fatal Devirs) VcE=5V, Ic=100mA, See Note 4 


hee oie aoa Current Transfer Ratio Vce=5V, I¢=10mA, SeeNote4 
acl 


VBE Base-Emitter Voltage Ig =0.5mA, Ic =50mA, See Note 4 


}2000_ | 
p18 | 
VcE(sat) Collector-Emitter Saturation Voltage Igp=0.5mA, I¢=50mA, See Note 4 fT 
Smail-Signal Common-Emitter 
Mfe Forward Current Transfer Ratio Vee s6:¥e. le camiy, Pr kHE 1000 
Common-Base Open-Circuit 
Output Capacitance 
Common-Base Open-Circuit | | 
input Capacitance 


Veg ™10V, Ig =0, f= 1 MHz 


Vep=0.5V, ic=0, f=1MHz 


*operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN. MAX | 
VoE=10V, I¢=0.1mA, Ig2=—20nA, 
F Noi: i 


‘NOTE 4: These parameters must be measured using pulse techniques. ty = 300 us, duty cycle < 1%. 
*JEDEC registered data 
T All measurements except hee (each triode) and F are made with the emitter-2, base-2 termina! {lead 4) open. 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE CASE TEMPERATURE 
z DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 
Eco ; 
# 
a a 
;* i 
300 
200 
i 100 i 
i ; 
c 0° ¢ 
0 26 60 76 100 126 150 176 200 0 2% 60 75 100 126 150 175 200 
Ta—Free-Air Temperature—"C Tco—Case Temperature—"C 
FIGURE 1 FIGURE 2 
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TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE SEST PRODUCT POSSIBLE. 


TYPE 2NS99 
N-P-N DARLINGTON-CONNECTED SILICON TRANSISTOR 


BULLETIN NO. OL-S 7312011, JUNE 1973 


TWO TRIODES INTERNALLY CONNECTED 
IN DARLINGTON CONFIGURATION 


@ Very High hfe .. . 4000 min at 10mA 
e Low Iicpo...10nA max at 60 V 
e Rugged Internal Connections 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


0.019 
4 LEADS F578 DIA 0.100 


3- COLLECTOR 


E2 
4- ALL DIMENSIONS 
EMITTER 1 ARE IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


ALL JEDEC T0-72 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage ...... inte Re lay Re ela) AE Be BES OIE OE BOS Roe eo a tie. “BONV 
Collector-Emitter Voltage (See Note1) 2... 2... 1 6 ee ee ee Stile d ea Brae oe ee ce BOM 
Emitter-Base Voltage 2 1 www ee ee ee eee ee ee TV 
Continuous Collector Current . . . . woe ee ee ew ee 500MA 
Continuous Device Dissipation at (or below) 25° c Free. Air Temperature (See Note 2) Be ohne Mee tahoe hee eo Ge OWE 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note3) ....... . . 18W 
Storage Temperature Range . . bey Rae ae cel comcast, AE Aesth 9S 65°C to 200°C 
Lead Temperature 1/16 tnch from Cae 168 10 Seconds Sea Siac Beings hae Manel a ad eae gh ee he oh Mayes 300°C 


NOTES: 1. This value applies when the emitter-base diodes are open-circuited. 
2. Derate linearly to 200°C free-air temperature at the rate of 2.86 mW/*C. 
3. Derate linearly to 200°C case ternperature at the rate of 10.3 mw/c. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


USES TWO N23 CHIPS 


TEXAS INSTRUMENTS 4-59 


INCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


TYPE 2N999 
N-P-N DARLINGTON-CONNECTED SILICON TRANSISTOR 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


IcBo Collector Cutoff Current 


leBO Emitter Cutoff Current 


Static Forward Current Transfer Ratio 


Total Devi 
epee VcE=10V, I¢=100mA, Ta =—55°C, 


See Note 4 


Static Forward Current Transfer Ratio 
és VcE=10V, Ic =10mA, Note 4 
a (Each Triode) CE Cc m See No 


VBE Base-Emitter Voltage Igp=1mA,  Ic=100mMA, See Note 4 


VCE (sat) Collector-Emitter Saturation Voltage ig =1mA, I¢ = 100 mA, See Note 4 
Common-Base Open-Circuit 
Output Capacitance 


Common-Base Open-Circuit 
Cj Vegp=0.5V, Ic=90, #=140kH 
a _ Input Capacitance EB 0 c fe 


*JEDEC registered data 
TAN measurements except hee (each triode) are made with the emitter-1, base-2 terminal (lead 4) open. 
‘NOTE 4: These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle < 1%. 


Cobo Vop=10V, te =0, f = 140 kHz 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE CASE TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


P-+—Maximum Continuous Device Dissipation—mW 
P+—Maximum Continuous Device Dissipation—W 


0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200 
Ta—Free-Air Temperature—"C Tc—Case Temperature—°C 
FIGURE 1 FIGURE 2 
PRINTED IN U.S.A. 673 
4-60 TEXAS INSTRUMENTS 
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TYPES 2N1131, 2N1132 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. OL-S 731775, JUNE 1961—REVISED MARCH 1973 


GENERAL PURPOSE MEDIUM-POWER TRANSISTORS 
@ 2 Watts at 25°C Case Temperature 
@ Complements to 2N696 and 2N697 
@ 10-ohm Saturation Resistance (max) 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


DETANS OF OUTLINE IN : . 4 
ALL DIMENSIONS ARE IN INCHES ' 
THIS ZONE OPTIONAL : i UNLESS OTHERWISE SPECIFIED. EB 


<1 EMITTER 


ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE 


absolute maximum ratings at 25°C ambient temperature (uniess otherwise noted) 


Collector-Base Voltage. . . . etd ote ve, tetas sate Vel Me, Ae. ha Se hay les eh ee oie Ae OV 
Collector-Emitter Voltage (See note ». ie ty Me a Bae cite, eth te eee te at. at recht er OV 
Emitter-Base Voltage 2. . 6 6 6 6 ee ee tw ew te ee . —5v 
Collector Current. . . . . EAD VEGE a. Hal Sekt 8 ~ 600 ma 
Total Device Dissipation at 25°C case femiporditurd (See niahe 2) nee Re we ete hie at pene ROW 
Total Device Dissipation at 100°C case temperature (See note 2). . . . . . «ee eo DOW 
Total Device Dissipation at 25°C ambient temperature (See note 3). . . . . . . es + + O6w 
Operating Junction Temperature. 2 6 6 6 ee ee ee ee ww TEC 
Storage Temperature Range. . . «1 1 eee ee ew ww ew ee BSP to 200°C 


NOTES: 1. This value applies when the base-emitter diode is open-circuited, 
2. Derate linearly to 175°C case temperature at the rate of 13.3 mW/°C. 
3. Derate linearly to 175°C ambient temperature at the rate of 4 mwW/C. 


USES CHIP P20 
a a TE EY 


TEXAS INSTRUMENTS 4-61 
INCORPORATED 


POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES 2N1131, 2N1132 
P-N-P SILICON TRANSISTORS 


electrical characteristics at 25°C ambient temperature (unless otherwise noted) 


O€ Forward Current Vee = —10¥, Ie = —S5 ma 
Transfer Ratio 


Base-Emitter Voltage 1s = —15 ma, lo = —150 ma 


Collector-Emitter Saturation | Ig = —15ma,!¢ = —150 ma 
Voltage 


AC Common-Emitter Vee = —10v, ic = —50 ma 
Forward Current f = 20me 


| toro | Collector Reverse Current Vos = —30v, le = 0 FT to 
Collector Reverse Current Vos = —30v, 1; = 0 
Ta = +150°C 
Vimceo | Collector-Base Breakdown Ic = —100x0, le = 0 
Voltage 
*Vimjceo| Collector-Emitter Breakdown | Ic = —100ma, lp = 0 —35 
Voltage 
Collector-Emitter Breakdown | Ic = —100ma, 
Voltage Rec = 10 ohms 
OC Forward Current Voce = —l0v, 
Transfer Ratio Ic = —150 ma 


Transfer Ratio 


BO Neo seaee 


Common-Base Input Ves = —O.5v,I0 = 0 
Capacitance f = Ime 
Common-Base Output 
Capacitonce 


AC Common-Emitter 
Forward Current 
Transfer Ratio 


AC Common-Emitter —10v, lo = —5 ma 
Forward Current 
Transfer Ratio 


AC Common-Base Input = —5yv,l_e = Ima 
Impedance = Vke 
Vor = —10 v, le = 5ma 
= 1ke 


AC Common-Base Output 
Admittance 


—5v,le = 1ma 

tke 

—10v, le = 5ma 
ke 


pemho 


Hue il 


Vor pemho 


AC Common-Base Reverse 8x10“ 


Voltage Transfer Ratio 


“These measurements must be made with a pulse duration <= 300 microseconds and a duty cycle <=2 percent. 


PRINTED IN U.S.A. 
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4-62 TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND YO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N149 THRU 2N1153 
N-P-N GROWN-JUNCTION TRANSISTORS 


BULLETIN NO. DL-S 692237, DECEMBER 1961—REVISED APRIL 1969 


Oval Welded Package 


mechanical data 


The transistor is in an oval welded package with glass-to-metal hermetic seal between case and leads. 
Unit weight is approximately 1 gram. 


ALL LEADS ARE INSULATED FROM THE CASE 


0.100 + 0.010 
0.205 + 6.010 


fi ee = 0.008 


*ebsolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage. 2 6 6 ww et et he 45 ¥ 
Emitter-Base Voltage 2. 6 6 6 8 ke te te te tt te hh et lv 
Collector Current. © 6 6 6 we et te tt tt ht ee 25 ma 
Emitter Current... Sc a en os a eee A, ta ue eee ee ace ve! ar 2S mae 
Total Device Dissipation (See Note 1). ee SAS Rae, Ai ek Ate en 2 SO wy: 
Total Device Dissipation at 100°C Free- Air Temperature ee ee ew ee ww ww we )~=6100 mw 
Total Device Dissipation at 150°C Free- Air Tempercters dy Sa cle <a; Aaly ated Wi Big le 50 mw 
Collector Junction Operating Lact colt woe os SoMa es ce Yer ac a cs +175°C 
Storage Temperature Range . . . Pld did ll i DDD 1 oD -6seet +175¢¢ 


WOTE 1%: For dissipation et edvenced temperatures, soo Berating Curve. 


“hadicetes JEBEC registered dete. 


T EXAS INSTRUM ENTS 


NCORPORATE 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


4-63 


TYPES 2N1H49 THRU 2N1153 
N-P-N GROWN-JUNCTION SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


[parameter [test conditions 


Voe = 30¥ le = 0 
Ty = 150°C 
Vou = $y I, = 0 
Ta = 100°C 


leso Collector Cutoff Current 


Pee co ce ge. See 
B¥cs0  Collector-Base Breakdown le = 50 uo 1 = 0 
Voltage 
Foateety DC Collector-Emitter 
Saturation Resistance 
Common-Base Output 
Capacitance 


2ni149 


; = aS 2N1150 
fie Common-Base Alpha Ves = Sv Ip = —1ma 9Nt151 


Cutoff Frequency aN1152 
2N1153 


2N1149 


Ne AC Common-Base Forward = = oni 


Current Transfer Ratio k 2N1152 
2N1153 


Sass peg Ae ae 
Input impedance 
Sa rl Ll 
Output Admittance 
2Nt149 i 
hr» AC Common-Base Reverse Mts P | 19005 ie ~ 


Voltage Transfer Ratio oN1152 "1 1000 x 10°¢ 
2N1153 > | 1000 x 10° 


*Indicates JEDEC registered data 
functional tests at 25°C free-air temperature 


QnTi49 
Vee = 20¥ te = —2ma 2N1150 
Cre Common-Emitter Ro =1KQ R= 20KN 2N1151 
Power Gain f=1ke Vg = 0.02 ¥ 2N1152 
2N1153 
Voe = Sv ik = —} ma 
Rg =1KQ fF =Tke 


BW = 1 cyde/soc 
i a DISSIPATION DERATING CURVE 
POWER GAIN TEST CIRCUIT } 
Rg 180 
Yo 8 
g to 
z 
4Ry /V,\* 2 0 
NOTE: Gog 10 log —— (—~ H 
Ry Vg a 
; 0 $0 700 190200 
o TasFREE-AIR TEMPERATURE ~C" 
PRINTED IN U.S.A. 469 
: TH cannot assume ony responsibility for any circuits shown 
| 4.64 TEXAS INSTRUM ENTS or represent that they are free from potent infringement. 


INCORPORATED 


nour oprice wax: suia's:ALtaa,exae reais TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND 70 SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N1154, 2N1155, 2N1156 
N-P-N GROWN-JUNCTION SILICON TRANSISTORS 


BULLETIN NO. DL-S 682269, JANUARY 1962—REVISED MAY 1968 


FORMERLY TYPES 951, 952, AND 953, RESPECTIVELY 


mechanical data , te! 


The transistor is in an oval welded package with glass-to-metal hermetic seal between case and leads. 
Unit weight is approximately 1 gram. The mounting clamp is hardware supplied with the transistor. 


ALL LEADS ARE INSULATED FROM THE CASE 


ons * 


+0.002 
0.017 TOT OA 
3 LEADS 


+0020 aT 
oan “9010 0.230 = O18 


0.110 = 0.018 


ALL DIMENSIONS IN INCHES. 
tPOR RECOMMENDED ASSEMBLY WITH MOUNTING CLAMP 


*absolute maximum ratings at 25°C case temperature (uniess otherwise noted) 


2N1154 2N1155 2N1156 


Collector-Base Voltage. 2 6 6 6 ee ee ee eee ee ee) (OY 80v 120v 
Collector Current 2 6 1 1 1 ww ee ee ee ww ww ee) 6 8Oma 650 ma 40 ma 
Total Device Dissipation (See Notel). 2 2 6 6 6 6 ee ee 8 ee 750 MW le 
Total Device Dissipation at 100°C Case Temperature. 2 6 6 6 1 wk ae B00 mw yp 
Total Device Dissipation at 125°C Case Temperature. © 6 1 6. wk ee 150 mw > 
Collector Junction Operating Temperature. 2 1 6 1 ee ee ee ISPS _l”n 
Storage Temperature Range. 2 6 6 6 we ee ke tw ww eee SSPE to 150°C yg 


NOTE 1: Derate linearly to 150°C case temperature at the rote of 6 mw/°C. 
“Indicates JEDEC registered data 
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4-66 


TYPES 2N1154, 2N1155, 2N1156 
N-P-N GROWN-JUNCTION SILICON TRANSISTORS 


*electrical characteristics at 25°C case temperature 


Collector Cutoff Current 


Pesce Poe Pa 

es 

Base-Emitter Voltage ls =2.2ma Ic = 15ma Poms | ft |e | 

esse ewe [oe fm Lo 

cefsaty DC Collector-Emitter Saturation =22m0 le = 15ma | ams | f3s0 | ohm 
Resistance 


AC Common-Base Forward Current = = 09 
Transfer Ratio = 


AC Common-Base Input Impedance 


AC Common-Base Output Admittance 


AC Common-Base Reverse Voltage 
Transfer Ratio 


*functional tests at 25°C case temperature 


Coe Common-Emitter 


Power Gain (See Circuit) 


*tndicates JEDEC registered data 


TEXAS. INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 »« DALLAS, TEXAS 75222 


TYPES 2N1154, 2N1155, 2N1156 
N-P-N GROWN-JUNCTION SILICON TRANSISTORS 


POWER GAIN TEST CIRCUIT 


TYPICAL CHARACTERISTICS 


COMMON -BASE CHARACTERISTICS COMMON BASE CHARACTERISTICS 


vs vs 


EMITTER CURRENT CASE TEMPERATURE 


4 


oe 


ANT 


i 
wn 


CHARACTERISTICS - RELATIVE TO VALUE AT I, = -5 ma 


S 
N 


“a 2 5 40 = +20 +50 = --100 
Ip — EMITTER CURRENT— ma 


CHARACTERISTICS = RELATIVE TO VALUE AT Ty = 25° C 


-50 i) 50 100 150 200 
To — CASE TEMPERATURE — ° C 


4 
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TYPES 2N696, 2N697, 2N717, 2N718, 2N718A, 2N730, 
2N731, 2N956, 2N1420, 2N1507, 2N1613, 2NT/11 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 693471, MAY 1963—REVISED AUGUST 1969 


Highly Reliable, Versatile Devices Designed for 
Amplifier, Switching ond Oscillator Applications 
from <0.1 ma to >150 ma, de to 30 me 


e High Voltage + Low Leakage 
Useful hy; Over Wide Current Range 


*mechanical data 
Device types 2N717, 2N718, 2N718A, 2N730, 2N731, and 2N956 are in JEDEC TO-18 packages. 
Device types 2N696, 2N697, 2N1420, 2N1507, 2N1613, and 2N1711 are in JEDEC TO-5 packages. 


THs ZONE 
4 THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


Collector-Base Voltage 
Caiecor Emitter Votoge (Se Wow 1) | 0 | | 50 | @ | 0 | 3 | | so |v 
Collector-Emitter Voltage (See Note 2) 


| 
| 5 | 
ae 
Total Device Dissipation at (or below) 0.6 
25°C Free-Air Temperature ; 
{See Note Indicated in Parentheses)=———-| (3) 
Total Device Dissipation at (or below) 20 
25°C Case Temperature + 
(See Note Indicated in Parentheses)==—- | (4) 
+ 
175F 


Total Device Dissipation at A 0.75 
100°C Case Temperature tt 


sit] a0 [w5tF | moo | vst | mo [20 | 1 


= 
Ol ape ee 
Spin 4 
By = 


Storage Temperature Ronge —65°C to 200°C 
WOTES: 1. This value applies when the bese-emitter resistance (Rac) Is equal te or tess than {Texas Instruments guorantees its types 2N696, 
10 ohms. 2N697, 2N1420, and 2N1507 te be capable ef the 

2. This vetue applies when the base-emitter diode is open-circulted. same dissipation as registered and shown for types 
3. Derate linearly te 175°C free-air temperature at the rate of 4.0 mw/C°. 2N1613 ond 2N1711 with appropriate derating 
4. Derate tineerty to 175°C case temperature at the rate of 13.3 mw/C°. factors shown in Notes 10 and 11. 
5. Derate lineerty to 175°C free-elr temperature at the rate of 2.67 mw/C°. 
6. Derate linearly to 175°C cose temperature at the rate of 10.0 mw/C°. TTTexas Instruments guarantees its types 2N717, 
7. Derate linearly te 200°C free-air temperature at the rate of 2.86 mw/C°. 2N718, 2N730, and 2N731 to be capable of the 
4. Derete lineerly to 200°C case temperature at the rate of 10.3. mw/C, rie curaaent ok cs aa paagrne ay a 
9. Derate linearly te vs" free-air temperature at the rete of 3.33 mw/C°. tors shown in Netes 7 ay . bie 
10. Derate linearly to 200°C free-eir temperature at the rate of 4.56 mw/C?. 
1 


. Derate tInearly te 200°C case —tompersture at the rate ef 17.2 mw/C°. 


*indicates JEDEC registered date. 


USES CHIP N24 
a 
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TYPES 2N718A, 2N956, 2N1420, 2N1507, 2N1613, 2N1/11 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


a 
pc =e ae Ee 
ee ee ee ee 
a 8 
Eee a eet eee ae 
a) es ee 
a) a a 
es ee ee 
a) 
a ee a ee 
ee es ee Cee ee 

Eanes (nd | 

| Yor =v. Ic = 150 ma, See note 12 | 10 | 100 300 [i00_s80 foo 900 | 

ln Ee ln (EF 

[p= me ig = ieee, some [aps a a 

Lip me ig = me, seo teets Psy ss as 

Yess ication fate fw wp Te Tae | 

Jom Belo sae tates | ee ee a 
ax 5x 

marion commer [tansy test tere [wal TT 

SMart faces enie rae |e |_| 
10-4 

Smell-Signel Common-Rese [Yea Se toe ley tee | 

Nob Gutpet Admittance = 


[| 
ee 
' Small-Sigeal Cooumon-Eaittor ; i) ee 
‘fe Forward Current Tronsfor Retie a a 
¢ Emi 
Ml feetinarteariie [tats icmam imme [oe [as [os 


¢ Commeon-Base Open-Circuit 
‘ob Output Copecitence 
Common-Base Open-Circult = a = 
Sp Input Cepacttance Veg = 050, Ie = 0, f= lm 


See operating and switching characteristics for types 2N718A, 2N956, 2N1613, and 2N1711 on page 4-30. 


WOTE 12: These parameters must be measured using pulse techniques. PW “= 300 usec, Duty Cycle < 2%. Pulse width must be such that halving or doubling does not cavse 
@ change grester than the required eccuracy of the measurement. 


“Indicates JEBEC registered dato 
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TYPE 2N1566 
N-P-N SILICON TRANSISTOR 


BULLETIN NO. DL-S 7311958, MARCH 1973 


FOR GENERAL PURPOSE AMPLIFIER APPLICATIONS 
e V(BR)CEO ---60V Min 


e hfe... 60 to 200 
mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


or 


Booms 
mE OA 


0.100 MN elem tf 
OETANLS OF OUTLIVE vile 
“THI ZONE OPTIONAL StaTina 
PLANE 


ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE® 


ALL DIMENSIONS ARE 
iN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage. ww wee ee ee te 80 V 
Collector-Emitter Voltage (See Note 1) ... . 2... . 60 V 
Emitter-Base Voltage . ae ee Re bs ee 5V 
Continuous Collector Current be Rh, Set ofite ae GBS dah ptt hed O93 HR ae Me Ue 50 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) . . . 600mW 
Storage Temperature Range 6 ww —65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds . . . 230°C 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


ViBRICEO Collector-Emitter Breakdown Voitage 


\cBo Collector Cutoff Current Vep=40V, 


gap Emitter Cutoff Current | Vep=5V,_ig=0 
Thee Static Forward Current Tranwfer Ratio Voe=SV, ig=SmA,  SeeNotea 
Ve Boer itr Votan 
VCE(sat) _ Collector-Emitter Saturation Voltage 


Smalt-Signai Common-Emitt: 
hie one ener Vce=5V, f= 1 kHz 
Input Impedance 


te =0, 


Ic¢=5mA, 


VcE=5V, Ic=1mA 
Vce=5V, iIc=5mA, 
Ta=—-55°C 


ie Smal!-Signal Common-Emitter 
Forward Current Transfer Ratio 
Small-Signal Common-Emitter 
Forward Current Transfer Ratio 
Common-Base Open-Circuit 
Output Capacitance 


Vce=5V, !Ic=5mA, f= 30MHz 


hel 


Cobo Vep=5V, ie =9, f= 1 MHz 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 175°C free-air temperature at the rate of 4 mw/c. 


3. These parameters must be measured using pulse techniques. ty, = 300 ys, duty cycle < 2%. 


The JEDEC registered outline for this device is TO-5, TO-39 falls within TO-5 with the exception of lead length. 


* JE DEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. USES CHIP N23 
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POST OFFICE BOX 5012 « DALLAS. TEXAS 75222 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N696, 2N697, 2N717, 2N718, 2N718A, 2N730, 
2N731, 2N956, 2N1420, 2N1507, 2N1613, 2NT/11. 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 693471, MAY 1963—-REVISED AUGUST 1969 


Highly Reliable, Versatile Devices Designed for 
Amplifier, Switching and Oscillator Applications 
from <0.1 ma to >150 ma, de to 30 me 


¢ High Voltage + Low Leakage 
° Useful hy; Over Wide Current Range 


*mechanical data 
Device types 2N717, 2N718, 2N718A, 2N730, 2N731, and 2N956 are in JEDEC TO-18 packages. 
Device types 2N696, 2N697, 2N1420, 2N1507, 2N1613, and 2N1711 are in JEDEC TO-5 packages, 


Collector-Base Voltage | 6 [ 7s | wo 5 To 

Collector-Emitter Yoltoge (Seo Note 1) | 40 | 40 | 50 [ 4 [so [ 30 | 50 | 

Collecor-Emitter Voltage (See Note 2) 0 | | Taz 
(SI i A rN a Ea a 
ee po fo 


FEmiter-tose Votge |S 
Colao Greet Sidi 
k 


Total Device Dissipation at (or below) 0.6 
25°C Free-Air Temperature 

{3} 

0 


(See Note Indicated in Parentheses) — > (7) 
Totat Device Dissipation at (or below) : Bea z 

25°C Case Temperature t 

(See Note Indicated in Porentheses)——e- | (4) 

Total Device Dissipation at 1.0 0.75 0.75 1.0 

rar Con ep SEA 2 ae 
Tse | 200 _[i7stt | 200 | Wst | m0 | 20 | *c_| 
45°C to 200°C 


NOTES: 1. This valve applies when the base-emitter resistence {Rgg) is equal to or less then tTexas Instruments guarantees its types 2N696, 
10 ohms. 2N697, 2N1420, and 2N1507 te be capable of the 

2, This valve applies when the bese-omitter diode Is open-citcvited. same dissipation as registered and shown for types 
1. Derate linearly te 175°C free-air tempersture et the rete of 4.0 mw/C®, 2N1613 ond Ce righ derating 
4, Derate linearly te 175°C case  tomporature at the rate of 13.2 mw/C*. ps ll al 7 : 
5. Derate linearly to 175°C free-air temperature at the rate of 2.67 mw/C°. 
6. Derate linearly to 175°C case temperature at the rate of 10.0 mw/C°, TtTexas Instruments guarantees its types 2N717, 
7. Derate linearly te 200°C free-air temporetere ef the rate of 2.86 mw/C°. sees dagen poagpcesh lee gic rotary Daal 
4 Derete lineorly to 200°C cove temparutere at the rate of 10.3 mw/C*, ONTIOA and. 2N0S6 with appropriate darating fer 
9. Dorate linearly te 175°C free-air temperature et the rete of 3.33 mw/C°. fers shown In Metes 7 and 8. 
10. Derate Sinearly te 200°C free-air temperature et the rete ef 4.56 mw/C°, 
11. Derate linearly te 200°C case temperature at the rate ef 17.2 mw/C®. 


“Indicates JEDEC registered date. 
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TYPES 2N718A, 2N956, 2N1420, 2N1507, 2N1613, 2N1/11 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
TEST CONDITIONS 


1 100 pa, lg = 0 
1 = 


Vienicao Collector-Base Breakdown Voltage c= | 3 | 
Vimiceo Collactor-Emitter Breakdown Voltage c=Mm, =), See Note 12 aaa 
“Vmican Collector-Emitter Breakdown Voltage lo = 100 ma, Rpg = 10 Q, See Note 12 | 53 | 


Vienteno Emitter-Base Breakdown Voltage le = 100 wale = 0 


Yop = 0, I = 9, Ty = 150°C 
Vog = 60%, Ip = @, 
IceR Collector Cutoff Current Yop = Mv, Rye = 100 kQ 

lego) Enie Cte Coen ease =e 
Voge = 104, Ig = 100 pa 

Vop = WOK Io = 10 ma, See Note 12 


Vog = Wu, Ip = 10 ma, Th = — 55°C, 
See Note 12 

Vog = Wy, Io = 500 ma, See Note 17 
Ig == 15 ma, Ig = 150 ma, See Note 12 
1g = 15 ma, Iq = 150 ma, See Note 12 


eT 


loro Collector Cutoff Current 


ri Static Forward Current 
FE Transfer Ratio 


100 «300 | 100 ©=6300 «100 


Vee Base-Emitter Voltage 
Voejsaty Collector-Emitter Saturation Voltage 


h Small-Signal Common-Base 
ib Input Impedance 


h Smali-Signal Common-Base 
rh Reverse Voltage Transfer Ratio 


u 
pd 


satin! Comme gain ig=te fate | 
cb Gaga Adit eS ov i= ime Stk | 

Snail onmortainw [Neg = $e lg = tee tate | 
Mee Foard Corot Trantor Rate [Wop Ww c= ime, F=Ie 


h Small-Signal Common-Emitter 
Intel Forward Current Transfer Ratio 


¢ Common-Base Open-Circult 

‘ob Output Capacitance 

t Common-Base Open-Circult 
ib Input Capacitance 


= 
o 
m 
il 
s 
= 
o 
il 
3s 
3 
= 
2 
r 
s 
2 
re 
zs\|F 


Vou = 10 ¥, lc = 300 ya 


* switching characteristics at 25°C free-air temperature 


[10-18—e] 2N718A_| 

[__10-5—ef 2N1613__ 

Tryp | MAX | 

Sr 


HOTE 12: These parameters must be measured using pulse techniques. PW = 300 psec, Duty Cycle < 2%. Pulse width must be such that halving or doubling does not cause 
a change greater than the required accuracy ef the measurement. 


"Indicates JEDEC registered data 
*The referenced figure is shown on pags 4-30. 
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4-72 TEXAS INSTRUMENTS 


NCORPORATE 


POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER 10 !MPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N1671, 2N1671A, 2N1671B, 2N2160 
P-N BAR-TYPE SILICON UNIJUNCTION TRANSISTORS 


BULLETIN NO. DL-S 683189, OCTOBER 1962—REVISED MAY 1968 


Designed for Medium-Power 
Oscillator and Pulse Timing Circuits 


© Highly Stable Negative Resistance 
and Firing Voltage 

© Low Firing Current 

© High Pulse Current Capabilities 

© Simplified Circuit Design 


*mechanical data 
Package outline is similar to JEDEC TO-5 except for lead position. Approximately weight is 1 gram. 


“ALL LEADS INSULATED FROM CASE. 


NOTES A. This zone is controfied for suto- 
matic handling. The vatiation in 
actual diameter within this zone shall 
not exceed 9.010. 


B. Measured from max. diameter of 
the actual device. 


C. The specified lead diameter ap- 
plies in the zone between 0.050 


the lead diameter is not conteolied. 
DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
2N1671 2N2160 


2NI6TIA 

2N16718 
Emitter-Base Reverse Voltage. . cee ew ew ew TOMY 
Emitter-Base Reverse veneer below Vaore Junetion Temperature SMe. te ee Ta -Wv 
Interbase Voltage . . . ere i] 35v 
RMS Emitter Current. © 2 0. 6 6 6 we ee ee we ee ww SOMO 
DC Emitter Current . . a. fh Sak he sate ieh: BP Psa Pads 5 bes gee a ae 70 ma 
Peak Emitter Current (See Note Y. ie sche By et 8h Me Gh Ae ee 2a 
Peak Emitter Current below 140°C Junction Temperature . : 2a 
Total Device Dissipation at (or below) 25°C freA Temperoture (See Notes 2 & 8) 450mw 450 mw 
Operating Temperature Range (See Note 3). . ~— 65°C to 140°C 
Storage Temperature Range (See Note 4). . . coe ee ew ew we ww = 65°C to 150°C 
Lead Temperature 4% Inch from Case for 10 Seconds see we ww ww ww =6260°C = 260°C 


WOTES: 1. Copaciter discharge — 10 jsf or less, 30 volts or loss — total Interbase power dissipation must be limited by external circeitry. 
2. Dorate linearly to 140°C free-air temperature ot the rate of 3.9 mw/*C. { 2N1671 series only, thorme! resistence te case = 0.16°C/mw.) 
3. Texas Instruments guerentees @ meximum operating temperature of 175°C free-eir. Derete linearly of the rete of 3 mw/*C. 
4. Texas instroments quarentees @ meximum stocage temperature of 175°C. 


“Indicates JEDEC registered date 
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TEXAS, INSTRUM ENTS 473 
NCORPORATE 


TYPES 2N1671, 2N1671A, 2NI67IB, 2N2160 
P-N BAR-TYPE SILICON UNIJUNCTION TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


¥, = Mv, Ry, = 
See Figure 2 


*Indicates JEDEC registered dota 


PARAMETER MEASUREMENT INFORMATION 


+10V © 


R; 
50 kQ 


M,: 100 pA Full Scale 


1N — Intrinsic Standoff Ratio — This porameter is defined in terms 
of the peak-point voltage, V,, by means of the equation: V) = 7 
Vern + Vp. where V_ is about 0.56 volt at 25°C and decreases 
with temperoture at about 2 millivolts/deg- 


The ciecuit used to measure 77 is shown in the figure. In this cir- 
cuit, R,, C, and the unijunction transistor form a relaxation oscil: 
lator, and the remainder of the circuit serves as a peak-voltage 
detector with the diode D, automatically subtracting the voltage 
Vp. To use the circuit, the “cal button is pushed, and R, is 
adjusted to make the current mater M, read full scale. The “cal” 
button then is released and the value of 7 is read directly from 
the meter, with 7 = 1 corresponding to full-scale deflection of 
100 pa, 

B,: 1N457, or equivalent, with the.following characteristics; 

Vp = 0.565 V at Ip = 50 pA, 

Ip SBpActVv, = WY 


FIGURE 1 — TEST CIRCUIT FOR INTRINSIC STANDOFF RATIO (y) 


EMITTER—BASE-ONE VOLTAGE 


vs 
EMITTER CURRENT 


FIGURE 2—Vo_, TEST CIRCUIT FIGURE 3 — GENERAL STATIC EMITTER CHARACTERISTIC CURVE 


4-74 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 * DALLAS. TEXAS 75222 


PRINTED IN U.S.A. 
TI cannot assume ony responsibility for any circvits shewn 
or represent thot they ore Sree from potent infringement, 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PROOUKT POSSIBLE. 


TYPES 2N696, 2N697, 2N717, 2N718, 2N718A, 2N730, 
2N731, 2N956, 2N1420. 2N1507, 2N1613, 2NT/1 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 693471, MAY 1963—REVISED AUGUST 1969 


Highly Reliable, Versatile Devices Designed for 
Amplifier, Switching and Oscillator Applications 
from <0.1 ma to >150 ma, de to 30 me 


¢ High Voltage «+ Low Leakage 
° Useful hy, Over Wide Current Range 


*mechanical data 
Device types 2N717, 2N718, 2N718A, 2N730, 2N731, and 2N956 are in JEDEC TO-18 packages. 
Device types 2N696, 2N697, 2N1420, 2N1507, 2N1613, and 2N1711 are in JEDEC TO-5 packages. 


Collector-Base Voltage 
Collector-Emitter Voltage (See Note 1) 


Collector-Emitter Voltage (See Note 2) 
Emitter-Base Voltage 


Total Device Dissipation at (or below) 
25°C Free-Air Temperature 
(See Note Indicated in Parentheses) 
Total Device Dissipation at (or below) 
25°C Case Temperature 
(See Note Indicated in Porentheses)—> 


Total Device Dissipation at 
100°C Case Temperature 
Storage Temperature Range 


WOTES: 1. This value applies when the base-emitter resistence (Rye) Is equal to or fess then {Texas Instruments guarantees {ts types . 24696, 
2N697, 2N1420, and 2N1507 to be capable of the 


10 ohms. 

; f lies when the bo iter diede I -circuited. same dissipation as registered and shown for types 
2. This value applies wi ‘n ¢ base-emitter di is epen-circul 2N1613 ond 2NI711_ with ng 
3. Derate lineorly to 375°C free-air temperature at the rate ef 4.0 mw/C°. shown ta 10 saan : 

4. Derate linearly to 175°C case temperature ef the rate of 13.3 mw/C°, ‘ 

5. Derate linearly to 175°C free-air temperature at the rate of 2.67 mw/C°. Hr , ame are ais 

. ly to 175° rt 0. ‘ exes Instruments guercn es ' 
6. Derate linearly src case == temperature et the rate of 10.0 mw/C°. 2N718, 2N730, and 2N731 te be co ot tha 
7. Derate linearly to 200°C free-air temperature at the rate ef 2.86 mw/C°. same dissipation as registered ond sh in for types 
8. Derate linearly te 200° case temperature at the rete of 10.3 mw/C*. 2N718A and. 2N956 with appropriate derating fac- 
9. Derate linearly to 175°C free-air temperature at the rate ef 3.33 mw/C°. fers shown In Notes 7 and 8. 

10. Derats linearly to 200°C free-air temperature at the rete of 4.56 mw/C°, 
11. Derate linearly te 200°C case temperature at the rate of 17.2 mw/C°. 


*\|ndicates JEDEC registered data, 


USES CHIP N24 
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TEXAS INSTRUMENTS 4-15 


INCORPORATED 
POST OFFICE GOX 5012 « DALLAS, TEXAS 75222 


4-76 


TYPES 2N718A, 2N956, 2N1420, 2N1507, 2N1613, 2NT/N 


N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temp 


PARAMETER 


Vimicso Collector-Base Breakdown Voltage 
Vimiceo Cotlector-Emitter Breckdewn Voltage 


te = 100 palo = 0 


rature (unless otherwise noted) 


Yop = Ov, =O 


Yon = vy, Ie = 0, 


Collector Cutoff Current 


Yoqg = HY, ik = 6, 
Yop = MY, Ree = 100 


Collector Cutoff Current 


Emitter Cutoff Current 


Static Forward Current 
Transfer Rotio 


Small-Signal Common-Base 
ib Input Impedance 


Small-Signal Common-Rase 
Reverse Voltage Transfer Ratio 


Small-Signal Common-Bate 


Hob Output Admittance 


h Smalt-Signal Common-Emitter 
Intel Forward Current Trensfer Rotic 


C Common-Base Open-Circelt 
‘ob Output Capacitance 
i] 


Commen-Base Open-Circult 


Gp Input Capacitance 


*operating characteristics at 25°C free-air te 


Voe = 10 ¥, le = 
Re = 510 0,# - 


NOTE 12: These parameters must be measured using pulse techniques. PW = 300 psec, Duty Cycle < 2%. Pulse width must be such that halving or doubling does not couse 


a change greater than the required accuracy ef the measurement. 
“Indicates JEDEC registered dota 


TEXAS INSTRUMENTS 
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3 


See switching characteristics for types 2N718A and 2N613 on page: 


Lele 
BBM: 
[+] [ile 


PRINTED IN U.S.A. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N698, 2NG99, 2N719, 2N719A, 2N720, 
2N720A, 2N870, 2N871, 2N1889, 2N1890, 2N1893 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 733442, MAY 1963—REVISED MARCH 1973 


Highly Reliable, Versatile Devices Designed for 
Amplifier, Switching and Oscillator Applications 
from <0.] ma to >150 ma, de to 30 me 
¢ High Voltage + Low Leakage 
+ Useful hy, Over Wide Current Range 


mechanical data 


Device types 2N719, 2N719A, 2N720, 2N720A, 2N870 and 2N871 are in JEDEC TO-18 packages". 
Device types 2N698, 2N699, 2N1889, 2N1890, and 2N1893 are in JEDEC TO-39 packages®. 


: ene & be 
DETAILS OF OUTLINE IN. mm 
THIS ZONE OPTIONAL SEATING 
‘PLANE 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE TO-39¢ 


Collector-Base Voltage 
Collector-Emitter Voltage (See Note 1) 
Collector-Emitter Voltage (See Note 2) 
Emitter-Base Voltage 
Collector Current 
Total Device Dissipation at (or below) 

25°C Free-Air Temperature 

(See Note Indicated in Parentheses} —»> 
Total Device Dissipation at (or below) 

25°C Case Temperature 

(See Note Indicated in Parentheses) ———p> 


Storage Temperature Range 


WOTES: 1. This values applies when the base-emitter resistance (Rgg) is equal to or tess than 10 ohms. tTexas Instruments guarantees these devices in 
2. This values applies when the base-emitter diede is epen-ciscvited, TO-38 packages date-coded 7326 or higher to be 
J. Derate linearly to 200°C free-air temperatere at the rete ef 4.57 mw /%C, a ive gawstoe at cree 
4. Derate linearly to 200°C cose temperature at the rate of 17.2 mw / °C. the AS of 4.57 mW/C, or 10W a Te < 28°C 
5. Derate linearly te 175°C free-air fomperature at the rate of 4.0 ma/°C. (S.71W at To= 100°C) derated linearly to 
6. Derate linearly to 175°C case temperatere at the rate of 13.3 mw/°C. Te = 200°C at the rate of 57.1 mW/’C. 
, 2, 
7. Derate linearly te he free-air temperature at the ce . ral pid $Texas Instruments guarantees its types 2N719 
8. Derate linearly te 175°C case temperature ot the rate of 10.0 mw/°C. and 2N720 to be capable of the same dissipation 
9. Derate linearly to 200°C free-air temperature at the rate of 2.86 ma /°C. as registered and shown for types 2N719A, 
10. Derate linearly to 200°C case temperature ot the rate of 10.3 ma /%C. 2N720A, 2N870, and 2N871 with appropriate 
derating factors shown in Notes 9 and 10. 
*4EDEC registered date. 


*The JEDEC registered outline for these devices is TO-5. 
TO-39 falls within TO-5 with the exception of lead length. 


USES CHIP N23 
SSS 
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4-78 


TYPES 2N720, 2N720A, 2N870, 2N871, 2N1889, 2N1890, 2N1893 
N-P-N SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
2N720A 2N870 


2N1893. 2N1889 


2N871 
2N1890 


TEST CONDITIONS 


Collector-Base 
VisriCtO sreckdown Voltage 


’ Collector-Emitter 
{RICEO Breakdown Voltage 
Collector-Emitter 
VieRICER Breokdown Veltage 


Io = Mma, ig = 0, See Mote 11 


Sg = 100 ma, Rye = 10 Q, See Nete $5 


Emitter-Base 


1g == 100 ya, 
VIWRIEBO greakdewn Voltage 


Ig =0 


Static Forward Current 
Transfer Ratie 


Base-Emitter Volt - - 
Ip = 15mo, ic = 150 ma, See Note 11 : 3 


Collector-Emitter lg = Sma, I = 50ma, See Note 11 
Yoetsati Saturation Vologe 


Small-Sigaal 
hip Commen-Base 
Input impedance 


Small-Signa! 
Commen-Base 

bey Reverse Voltage 

Transfer Ratio 


Small-Signal 
hep Common-Base 
Output Admittance 


Small-Signal 
h Common-Emliter 
fe Forward Current 
Transfer Ratio 
Small-Signat 
ih | Common-Emitter 
fe Forward Current 
Transfer Ratio 
Common-Base 
Cos Open-Circuit 
Output Copacitonce 
Common-Base 
Gb Open-Circuit 
Input Capacitance 


Yop = Ov, 1 = 0, f = Im 
Except 2N720: f = 140 ke 


Veg = OS, Ig =O, {= Ime 
Except 24720: f = 140 ke 


NOTE 11: These parameters must be measured usidg pulse techniques. PW = 300 psec., Duty cycle = 2%. 
Pulse width must be such that halving or doubling does not cause a change greater than the 
tequired accuracy of the measurement. 

*Indicates JEDEC registered dota. 
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TYPES 2N910, 2N911, 2N912, 2N1973, 2N1974, 2N1S75 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 733661, MAY 1963—REVISED MARCH 1973 


HIGHLY RELIABLE, VERSATILE DEVICES CHARACTERIZED 
ESPECIALLY FOR SMALL-SIGNAL APPLICATIONS 


© High Voltage e Low Leakage 
e Useful hfe Over Wide Current Range 


© Both Common-Emitter and Common-Base 
Small-Signal Characterization 


mechanical data 


2N910, 2N911, 2N912 


2N1973, 2N1974, 2N1975 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


2 bans OaTy DA 


ALL DIMENSIONS 
ARE IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


ALL DIMENSIONS 
ARE IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE® 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage... .... 
Collector-Emitter Voltage (See Note 1) 2... . 
Collector-Emitter Voltage (See Note2) .. . . 
Emitter-Base Voltage 2... wk ww 
Continuous Device Dissipation at (or below) 25°C Free-Air 
Temperature (See Notes 3 and 4) . ee dee aN 
Continuous Device Dissipation at (or below) 25°C Case 


2N910 
2N911 


Temperature (See Notes 5 and 6) . 


Storage Temperature Range... 2... 1... 
Lead Temperature 1/16 Inch from Case for 10 Seconds 


NOTES: 1. 
+ This vatue applies when the base-emitter diode is open-circuited. 
. For 2N910, 2N911, and 2N912, derate linearly to 200°C free-air temperature at the rate of 2.86 mw/C. 

For 2N1973, 2N1974, and 2N1975, derate linearly to 200°C free-air temperature at the rate of 4.57 mw/C. 
+ For 2N910, 2N911, and 2N912, derate linearly to 200°C case temperature at the rate of 10.3 mw/*C. 


2 
3 
4. 
§ 
6. For 2N1973, 2N1974, and 2N1975, derate linearly to 200°C case temperature at the rates of 57.1 mw/°C for the 10-watt rating 


ee ee 


This value applies when the base-emitter resistance Rae < 10 Q. 


and 17.2 mw/°C for the 3-watt {JEDEC registered) rating. 


“JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


—65°C to 200°C* 
-—- 300°C ——» 


*The JEDEC registered outline for these devices is TO-5. TO-39 falis within TO-5 with the exception of lead length. 
t This value is guaranteed by Texas Instruments in addition to the JEDEC registered value which is also shown. 


USES CHIP N23 


ba 
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TYPES 2N910, 2NS11, 2N912, 2N1973, 2N1974, 2N1975 
N-P-N SILICON TRANSISTORS 


en 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


[_to-18—] _anov0 | 2ne11 | aNe12 
TEST CONDITIONS ["_YO-d9e| INIO79 | 2N1974 "| 2N1975__| 
[MIN MAX [MIN MAX [MIN MAX | | 


Vimriceo Collector-Bose Breakdown Voltage le = 100 pro, ky = 0 
Vianjceo Collector-Emitter Breakdown Voltage | tc = 30 mo, ,=0 {See Note 7) 
Vianjcen Collector-Emitter Breakdown Vottoge | fc = 100:mo, Ree = 10 2 (See Note 7) 
Vierieso Emitter-Bose Breakdown Voltage ty = 100 yao, tc = 


lero Collector Cutoff Current 


2 


Vos = 75, te = 0, Ta = 150°C 


Vo—e = 10 ¥, le = 100 pro 
Yor =10¥, Ic =10-ma (See Note 7) 


Vee = 10¥, Ie = 10 mo, Ta = — 55°C 
(See Note 7) 


base-Emitter Yot la= Imo, tc= 10 mo 
V se-Emitier Voltage 
s ™ =5mo = te = 50 ma 
le=) ma, Ic = 10 mo 
Veeisat} Collector-Emitter Saturation Voltage 

hin Small-Signal Common-Base 
Input impedance 


br Small-Signal Common-Base 
Reverse Voltage Tronsfer Ratio 


fee Static Forword Current Transter Ratio 


oe 
~ 
o 
= 


o 
~ 
o 
o 


a 
p= Sma, le = 50 ma 


hop Small-Signal Common-Base 
Output Admittance 


he Smai!-Signal Common-Emitter 
input Impedance 


Nite Small-Signal Common-Emitter 
Forward Current Transfer Ratio 


s 
3 
& 
3 
LL Te 


40 


_ 


Nee Smail-Signal Common-Emitter 
Output Admittance 


{hte} Small-Signal Common-Emitter 
Forward Current Transfer Ratio 


Co Common-Base Open-Circult 
Output Copocitance 


} 


Voce = 10 ¥, Ie = 50 mo, f= 20m 


Input Capacitance 


Vea = 10 v, le = 300 pan, Ro = 510 0 
NF Spot Noise Figure = 1 ke. Molse Bandwidth = 200 ops 


NOTE 7: These porameters must be measured using pelse techniques. PW = 300 yxsec, Duty Cycle = 2%, Pulse width must be such that halving or doubling does not couse 
a chonge greater thon the required accuracy of the measurement. 


“Indicates JEDEC Registered Date. 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N2060, 2N2223, 2N2223A 
DUAL N-P-N SILICON TRANSISTORS 


BULLETIN NO. OL-S 7211678, MARCH 1972 


TWO TRANSISTORS IN ONE PACKAGE 
FOR DIFFERENTIAL AMPLIFIER APPLICATIONS 


@ Medium Power 
e@ High Operating Voltage 


*mechanical data 


ALL LEADS INSULATED FROM CASE 


Dimensions without tolerance desig- 
nate true position, Leads having maxi- 
mum diameter. (0.019"') measured in 
gaging plene 0.064" +0,001" -0.000” 
below the seating piane of the device 
shall be within 0.007" of their true 
position relative to a maximum width 
tab. 


COLLECTOR 1 
BASE 1 
EMITTER 1 

- EMITTER 2 
BASE 2 
COLLECTOR 2 


ALL DIMENSIONS ARE JN INCHES 
UNLESS OTHERWISE SPECIFIED 


NEmMow- 


t Applicable to 2N2223 and 2N2223A only, Registered minimum dimension for 2N2060 Is 0.140. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


EACH TOTAL | EACH TOTAL 

TRIODE DEVICE |TRIODE DEVICE 
Collector-Emitter Voltage (See Note 1) 
Coliector-Emitter Voltage (See Note 2) 


Emitter Base Vottoge 


Continuous Collector Current 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 
Continuous Device Dissipation at (or below) 25 C Case Temperature (See Notes 4 and 5) | 


—65°C to 200°C 


NOTES: 1, These values apply when the base-emitter resistance (Rige) is equal to or less than 10 ohms, 
2. These values apply when the base-emitter diode is open-circuited, 
3. Derate linearly to 200°C free-air temperature at the rate of 2.86 mW/C for each triode and 3.43 mW/°C for total device. 
4. Derate 2N2060 linearly to 200°C case temperature at the rate of 8.6 mw/°C for each triode and 17.2 mW/°C for total device. 
5. Derate 2N2223 and 2N2223A linearly to 200°C case temperature at the rate of 9.1 mW/°C for each triode and 17.2 mW/°C for 
total device, 
The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 
This parameter must be measured using pulse techniques. ty, = 300 us, duty cycle < 1%. 
The lower of the two hee reading is taken as heey. 
This parameter is measured in an amplifier with response down 3 dB at 25 Hz and 10 kHz and a high-frequency rolloff of & 
dB/octave. 


2: M.S 


“JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. USES CHIP N23 
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TYPES 2N2060, 2N2223, 2N2223A 
DUAL N-P-N SILICON TRANSISTORS 


“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
individual triode characteristics (see note 6) 


i 


c 
<j <€ 
= 


vane [S| 


TEST CONDITIONS 


PARAMETER 


[MIN MAX[MIN MAX] 

ViBR)CBO Collector-Base Breakdown Voltage I¢= 100KHA, IE =0 F100 [100 
Tg= SOMA, Ig= 0, SeeNow7 | 60 | 60 V 
ViBRIGER __CollectorEmitter Breakdown Voltage | c= 100mA, Age = 10, SeeNore7 | 60 [60 V 
-VigR)EBO Emitter Base Breakdown Voltage | le=100vA, ic=O TT VY 
Vea=eov. tesa St 
ba eae [Vep=80V,te=0tantere [of asf oa 
Meno Emitor Carat Gorent id ew SV. tc=o to n 
[Vce=5V, ic=tOwA 268] 15 | 
hee Static Forward Current Transfer Ratio ee 
VcE=5V, i¢=10mA, See Note 7 ; so 200] | 
Base Emitter Voltage -_oa|_v_| 
awl 


Small-Signal Common-Base 
Input Impedance 
Smali-Signal Common-Base 


hib 


Vop=5V, Ic=imaA, f=1kH2 


VCE (sat) Collector-E mitter Saturation Voltage Ig=5mA, Io=50mA | 1.2 


h 
rb Reverse Voltage Transfer Ratio 


Smalt-Signal Common-Base 
Output Admittance 
Small-Signal Common-Emitter 
Input Impedance 

Smail-Signal Common-E mitter 


1000 4000 


hob 


& 
i} 
N 
3 


h VcE=5V, Ic=imA, f=1 kHz 
fe Forward Current Transfer Ratio cE c 
i Small-Signal Common-E mitter 
oe Output Admittance 
Small-Signal C -E mitt 
heel ee ees laces Dae eat VcE=10V, I¢=50mA, f= 20MHz 


Forward Current Transfer Ratio 


Common-Base Open-Circuit 
Cc Vogp=10V, Ie =0, f= 1MHz 
id Output Capacitance 
, Ie =9, 


Serenontasy Open-Circuit Veg = 0.5V f= 1MHz 
Input Capacitance 


PARAMETER TEST CONDITIONS 
hFe1 Static Forward Current Vce=5V, !c¢* 100HA, See Note 8 


hre2 Gain Balance Ratio VcE=5V, Ic=1mA, See Note 8 


CN 
Lae eee ai 
eS ee ee 


Tgnizoeo [ anzees TaNe2738 Torr 


< 


amas 


MBE1 - Veeal Base-E mitter-Voltage Differential Woe= SV. e=1mASSSS—~S 


A(VBE1 — VBE2)| Base-Emitter-Voltage-Differential |} Vce=5V. 'c= 100HA, 
4Tp Temperature Gradient From Ta = —55°C to Ta = 125°C 


*operating characteristics at 25°C free-air temperature 
individual triode characteristics (see note 6) 


PARAMETER TEST CONDITIONS UNIT 
F Spot Noise Figure | Vcg = 10 V, Io = 300 nA, Rg = 510 2, f = 1 kHz } 8 | 4B | 
F ‘Average Noise Figure | VceE = 10 V, Ic = 300HA, Rg = 1 k&, Noise Bandwidth = 15.7 kHz, See Note 9 | 8 | a | 


*JEDEC registered data 
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TYPES 2N2102, 2N2102A 
N-P-N SILICON TRANSISTORS 


BULLETIN NO, DL-S 7311946, MARCH 1973 


FOR MEDIUM-POWER, GENERAL PURPOSE APPLICATIONS 


© High Breakdown Voltage Combined with Low Saturation Voltage 
e hfe... Guaranteed from 10 uA to 1A 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


0.100 min 
DETAILS OF OUTLINE Itt 
‘THIS ZONE OPTIONAL, 


ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 


ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE® 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 6 ww ww 120 V* 
Collector-Emitter Voltage (See Note1) 2 2 2. 2. ee ee ee ee ee) 6B VE 
Collector-Emitter Voltage (See Note 2). 2... 2 2 1 ee ee ee ee ee) 680 VE 
Emitter-Base Voltage 2 6 1 2 1 ww ek ee kee eee 7 
Continuous Collector Current 2. 2 1 1. we ee ee ee TAT 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note3) ......2.2.2..,. ~9)W* 

t 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 4) ‘ 7 af 
Storage Temperature Range 2 6 ww ee ee ee ee. 85°C to 200°C" 
Lead Temperature 1/16 Inch from Case for 10Seconds . . . 2 2. 1 1 1 eee ee ee ee ee 6800°C* 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies when the base-emitter resistance Rage < 10 2. 

3. Derate linearly to 200°C free-air temperature at the rate of 5.71 mW/*C. 

4. Derate the 10-watt rating linearly to 200°C case temperature at the rate of 57.1 mW/°C. Derate the 5-watt (JEDEC registered) 


rating linearly to 200°C case temperature at the rate of 28.6 mw/°C. 


*tThe JEDEC registered outline for these devices is TO-5. TO-39 falls within TO-S with the exception of lead tength. 
*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
T This value is guaranteed by Texas Instruments in addition to the JEDEC registered value which is also shown. 
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TYPES 2N2102, 2N2102A 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS Paar fae ent 
Visniceg Collector Base Breakdown Voltege_|i¢ = TSHR, _E == Le ce 
ViBR)CEO Collector-Emitter Breakdown Voltage| Ic = 100 mA, 1p = 0, See Note 5 es ee ca 
ViBRICER Collector-Emitter Breakdown Voltage] !¢ = 100 mA, Ree = 10%, See Note 5 es 
Visinbo. eiuberkee preshoom Nolen, eno 


Vat Reach-Through Voltage Vepifi) = 1.5V, le =9, See Note 6 


R 
Vop = 60V, le =0 
IcBoO Collector Cutoff Current Vop = 60V, ig = 0, To= 160°C 


eso Emitter GutoffGurent _vep=5¥. tow fC 
Voe = TOV, 1e=10uA Es ae (Lee 
Vee=10V, to= 100uA a 
Voe= TV, Ie=10mA es 
ie Static Forward Current Voce = 10V, Ic = 10 mA, fof 
Transfer Ratio To =-55°C See Note 5 
Voe=10V,__to= 150mA [4020 40120) 
Vce=10V, Ig = 500 mA rs 
Vee=10V,  Ic=1A ee ee 
Wee Base Emitter Voltage «dig = T5MA, I= TOOMA, SeoNows [af af v_ 
VcEteat) Collector Emitter Saturation Voltage [Ig=15mA, Ic=160mA, SeeNows | os{” oa] V_| 
' Small-Signal Common Base Wce=5V,_ Ic=tmA i 
e Input impedance ra sj 4 
: Voe=5V 
vl 


Reverse Voltage Transfer Ratio VcE = 10V, Io=5MA | es cue 3x107—4 
‘a Small-Signal Common-Base . . 
Forward Current Transfer Ratio Vce = 10V, Ic =5mA 
Smali-Signal Common-Emitter 
Prel Forward Current Transfer Ratio Vce = 10V, ler Pome Ar AON 
Common-Base Open-Circuit 


Cc Vcp= 10V, le =0, f=1MH 
‘obo Output Capacitance ce i : 


Common-Base Open-Circuit 
CG Veg = 0.5V, Ic=0, f=1MH 
= Input Capacitance 


NOTES: 5. These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
6. Vat is determined by measuring the emitter-base floating potential, Veg(f). Collector-base voltage, Vcg, is increased until) 
VeB(ti) = 1.5 V; this value of Veg = (Vat t+ 1.5 Vv). 


° 
a 
= 
i~] 


44 
8 
$ 
o 

8|8 

=18 


*thermal characteristics 


PARAMETER 


Reyc Junction-to-Case Thermal Resistance 
Raa Junction-to-Free-Air Thermal Resistance 


*JEODEC registered data. 


TEXAS INSTRUM ENTS 


INCORPORATE 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


37 


TYPES 2N2102, 2N2W2A 
N-P-N SILICON TRANSISTORS 


*operating characteristics at 25°C case temperature 


TEST CONDITIONS [iain MAX [UNIT] 


VcE=10V, I¢=0.3mA, f= 1 kHz, 
Rg=1k2 


[TEST CONDITIONS ____[ MIN MAX [UNIT] 
ee ees Ee 


WAVEFORM 
AT POINT A 


Gtadiwcsc suds 
(See Notes 7 


t i 
po-16 nm and 8) 


OUTPUT 
WAVEFORM 


FIGURE 1—SWITCHING TIME MEASUREMENT CIRCUIT 


NOTES: 7. The input waveform is supplied by a mercury relay pulse generator with the following characteristics: t, < 1 ns, te < 1 ns, 
ty = 15 ns, Zour = 50 Qt. Adjust R1 and the input pulse amplitude to obtain the specified voitage levels at Point A. 
8. Waveforms are monitored on a sampling oscilloscope (t, < 0.4 ns) using a 2-k&2 probe. 


*JEDEC registered data 
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TYPES 2Ni671, 2NIG7IA, 2NIG7IB, 2N2160 


P-N BAR-TYPE SILICON UNIJUNCTION TRANSISTORS 


GULLETIN NO. DL-S 683189, OCTOBER 1962—REVISED MAY 1968 


Designed for Medium-Power Switching, 
Oscillator and Pulse Timing Circuits 


© Highly Stable Negative Resistance 
and Firing Voltage 

® Low Firing Current 

© High Pulse Current Capabilities 

© Simplified Circuit Design 


mechanical data 
Package outline similar to JEDEC TO-5 except for lead position. Approximate weight 1 gram. 


* ALL LEADS INSULATED FROM CASE. 


NOTES A. This zone is controlied. for auto- 

: matic handling. The variation in 

: actual diameter within this zone shalt 
r not exceed 0.010. 

B. Measured from max. diameter of 
the actual device. 

C. The specified lead diameter ap- 

plies in the zone between 0.050 and 

‘sv 0.250 from the base seat. Between 

aig (2 boot) Note C 0.250 and 1.5 maximum of 0.021 diam- 

eter is held. Outside of these zones 

the lead diameter is not controlled. 


DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
2N1671 2N2160 


2NI671A 

2N1671B 
Emitter-Base Reverse Voltage . . &. Wb Ge: Bra GG OS 80. 
Emitter-Base Reverse Voltage below 140°C. Junction Temperature BiviGog ice Gone —30v 
Interbase Voltage 6 ww ww we ee ee ee ee ee) 8 35v 
RMS Emitter Current. 2 6 6 6 1 we ek ee et ee ee ee ee) «650 me 
DC Emitter Current . . Pt GSe PO he Ghee Rt ee ee Raat OP eet 70 ma 
Peak Emitter Current (See Note ». st aah by ao bee Boh ee ee 2a 
Peak Emitter Current below 140°C Junction Temperature . As 2a 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Notes 2 a 3) 450mw 450 mw 
Operating Temperature Range (See Note 3). . ~ 65°C to 140°C 
Storage Temperature Range (See Note 4). . 2. 2. 2 6 1 ee ee ew we — 65°C to 150°C 


Lead Temperature Ms Inch from Case for 10 Seconds . . . . . - «ee 260°C) 260°C 


NOTES: 1. Capacitor discharge — 10 xf or less, 30 volts or tess — total interbase power dissipation must be limited by external circuitry. 
2. Derate linearly to 140°C free-air temperature at the rote of 3.9 mw/°C. (21671 series only, thermal resistance te case = 0.16°C/mw.) — 
3. Texas Anstruments guorantees @ maximum operating temperature of 175°C free-air. Derote linearly at the rate of 3 mw /*C. 
4. Texas Enstrements guarantees a maximum storege temperature of 175°C. 


*Indicates JEDEC registered data 
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TYPES 2N1671, 2N1671A, 2N1671B, 2N2160 
P-N BAR-TYPE SILICON UNIJUNCTION TRANSISTORS 


* electrical characteristics at 25°C free-air temperature 


indicates JEDEC registered dato 


PARAMETER MEASUREMENT INFORMATION 


— Intrinsic Standoff Ratio — This parameter is defined in terms 
+10V of the peak-point voltage, V,, by meons of the equation: V, 1) 
Vers ° Vp. where V_ is about 0.56 volt at 25°C and decreases 


with temperoture at about 2 millivolts/deg- 


The circvit used to measure 7 is shown in the figure. In this cir- 
cuit, R,, C, and the unijunction transistor form a relaxation oscil: 
lator, and the remoinder of the circuit serves os a peak-voltage 
detector with the diode D, automatically subtracting the voltage 
Ve. To use the circuit, the “cal button is pushed, and R, is 
adjusted to moke the current meter M, read full scale. The “cal 
button then is released and the value of 7 is read directly from 
the meter, with 7 1 corresponding to full-scale deflection of 
100 ua. 

D,: 1N457, oF equivetent, with the following characteristics: 

Vp = 0.565 Vat te = 50 yA, 

M, 100 yA Full Scole Ip SPAY, = WY 


FIGURE 1 — TEST CIRCUIT FOR INTRINSIC STANDOFF RATIO (7) 


EMITTER—-BASE-ONE VOLTAGE 
vs 


EMITTER CURRENT 


FIGURE 2—Vo,, TEST CIRCUIT FIGURE 3 — GENERAL STATIC EMITTER CHARACTERISTIC CURVE 
373 PRINTED IN U.S.A. 
TI cannot essume any responsibility for ony circuils shown 
or represent that they are free from potent infringement. TEXAS INST RUM ENTS 4-87 
INCORPORATED 
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IW ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


4-88 


TYPES 2N2192, 2N2192A, 2N2193, 2N2193A. 
2N2194, 2N2194A, 2N2243, 2N2243A 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-8 733571, MARCH 1963-REVISED MAACH 1973 


FOR MEDIUM-POWER SWITCHING 
AND AMPLIFIER APPLICATIONS 


e High Breakdown Voltage Combined with 
Very Low Saturation Voltage 


e hpfE—Guaranteed from 100 .a to 1 amp 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


CASE TEMPERATURE 
MEASUREMENT POINT 


= 


OETAILE OF OUTLINE IW. 
THIS ZONE OPTIONAL 


ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE® 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector Current 


Total Device Dissipation at (or below) 
25°C Free-Air Temperature-(See Note 2) 
Total Device Dissipation at (or below) 
25°C Case Temperature (See Note 3) 


NOTES: 1. This value applies when the base-emitter diode is open-circulted. 
2. Derate linearly to 200°C free-air temperature at the rate of 4.57 mw/°C. 
3. Derate the 10-watt rating linearly to 200°C case temperature at the rate of 57.1 mw/C. Derate the 2.8-watt (JEDEC registered) 
rating linearly to 200°C case temperature at the rate of 16 mw/°C. 


The JEDEC registered outline for these devices is TO-5. TO-39 falis within TO-5 with the exception of lead length. 
*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
t This value is guaranteed by Texas Instruments in addition to the JEDEC registered value which is also shown. 
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TYPES 2N2192, 2N2192A, 2N2193, 2N2193A, 2N2194, 2N2194A 
N-P-N SILICON TRANSISTORS 


‘electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Od 


Viericvo Collector-Base Breakdown Voltage { Ic = 100 zo,ly = 0 
Viericeo Collector-Emitter Breakdown Voltoge le = 25 ma, Ip = 0, See Note 4 
Vienjavo Emitter-Base Breakdown Voltage ta = 100420, Io = 0 


Ven = 30v, Ig = 0 
Vo, = 30v, I = 0, T, = 150°C 
Vou = 60, bg = 0 
Vou = 60v, Ie = 0, T, = 150°C 


Vor = 10¥, Ic = 100 a 
Voge = 10v, Io = 10 ma 


Vee = 10, Io = 10mo, T, = — 55°C 
Vee = 10v, Ic = 150ma, See Note 4 100 


Voge = 10¥, Ic = 500 ma, See Note 4 
Voce = 10v, Ic =a, See Note 4 


Voge = 1¥, Io = 150ma, See Note 4 70 


Vee Bose-Emitter Voltage I, = 15ma, Io = 150 ma 
l= 15mo,  |_2N2192- 2N2194 | 
V Collector-Emitter Saturation Vo! 
eu Mog | 1c = 150ma 2N2192A-2N2194A| 


Small-Signal Common-Emitter 
[hee say Current Transfer Ratio Vee = 10¥, Ic = 50moa, f = 20me 


Common-Base Open-Circult 
Output Copacitance 


leaq Collector Cutoff Current 


leno —-—- Emitter Cutoff Current 


hee ‘Static Forward Current Transfer Ratio 


et delele] TT TTT dele tele telel [= 


2N2192 2N2192A 
2N2193 = 2N2193A 


TEST CONDITIONS 2N2194  2N2194A 


NOTE 4: These parameters must be measured using pulse techniques. PW — 300 psec, Duty Cycle = 2%. 


“Indicates JEDEC registered deta 
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TYPES 2N2192, 2N2192A, 2N2183, 2N2193A, 2N2194, 2N2194A 
N-P-N SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


+7.0¥ 


OUTPUT 


2N2192, 924 
2N2193, 934 
2N2194, 944 


(NPUT 


See Notes a ond b 
VOLTAGE WAVEFORMS 


“Ves ~1.0 v 


TEST CIRCUIT 
CIRCUIT CONDITIONS 


[ae | Se 
2N2194, 944, ‘ 

i a 

ee eee 


SFIGURE 1 — SWITCHING TIMES —1t,, ¢,, t, 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t; = 20 nsec, tz = 20 nsec, Zour = 50 2, 
PW = 10 psec, PRR = & ke. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: ty < 14 nsec, Ri, = 10 MS, Cin, = 11.5 pf. 
*Indicates JEOEC registered data 


PRINTED IN U.S.A. 373 
TI cannot assume any responsibility for any circuits shown 
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TYPES A512192, A5T2193 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7312004, MARCH 1973 


SILECTt TRANSISTORS# 
FOR MEDIUM-POWER SWITCHING AND AMPLIFIER APPLICATIONS 


High V(BR)CBO - - - 80 V Min (A5T2193) 
hfe Guaranteed from 100 pA to 1A 

fy ...50 MHz Min 

Electrically Similar to 2N2192A, 2N2193A 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


NOTES: A, Lead diameter is not controlled in this area. 
B, Leads having maximum diameter (0.019) shall be within 0.007 of their true positions 
measured in the gaging plane 0.054 below the seating plane of the device relative to 
a maximum-diameter package. 
C, All dimensions are in inches, 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
A5T2192 A5T2193 


Collector-Base Voltage 6 6 ww 60V 80V 
Collector-Emitter Voltage (See Note 1) 2 6 6 6 ee ee 40V 50V 
Emitter-Base Voltage 2 6 6. et 5V 8V 
Continuous Collector Current sp tha ate gate Je yatubse sai \cby Wee coal yale oa ne, sag ge ae lla? 8 _—-1A— 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) . . . “#—— 625 mw ——> 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note3) .. - . +— 1.25 W——_> 
Continuous Device Dissipation at (or below) 25°C Case and Lead Temperature (See Note 4) oa 16 W—— 
Storage Temperature Range... «65°C to 150°C» 
Lead Temperature 1/16 Inch from Case for10Seconds . . . 2. 2 6 ee ee ee es + 260°C ——+ 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 5 mw/c. 
3. Derate linearly to 150°C lead temperature at the rate of 10 mW/°C. Lead temperature is measured on the collector lead 1/16 inch 
from the case. 
4. This rating applies with the entire case {including the leads) maintained at 25°C. Derate linearly to 150°C case-and-lead 
temperature at the rate of 12.8 mW/C. 
tTrademark of Texas Instruments 


USES CHIP N23 


TU.S. Patent No. 3,439,238 
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TYPES AS12192, A5T2193 
N-P-N SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
ViBR)CBO Collector-Base Breakdown Voltage Io =100uA, Ie =O 
VIBR)CEO Collector-Emitter Breakdown Voltage lc=25mA, Ig=0, See Note 5 


VipR)EBO Emitter-Base Breakdown Voltage §E=100KA, Ic=0 
Vcog=30V, if =0 
Vogp=30V, te=0, Ta = 100°C 


Vop=60V, Ie =0 


Vcp=60V, IE =0, Ta = 100°C 
ti) 


|_AST2192_T A5T2193 | 
AST2192 Unie 


lcBo Collector Cutoff Current 


Wi 
Wi 


\ Emitter Cutoff Vep=3V, Ic=0 
Vep=5V, Ic= 


See Notes 


Vc—E=1V, i¢=150mA 
{g=15mA, Ic =150mA, See Note 5 
Ig=15mA, Ic=150mA, See Note 5 


Static Forward Current 
Transfer Ratio 


VBE Base-Emitter Voitage 


VcE(sat) _ Collector-Emitter Saturation Voltage 
Small-Signal Common-E mitter 

Pel Forward Current Transfer Ratio 

Common-Base Open-Circuit 

Output Capacitance 


hFE 


ss 
° 


8] a 
3 


ae EC 


| | 


VcE=10V, I¢=50mA, £=20MHz 


Cobo Vep=10V, te =0, = 1MHz 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS UNIT 


ee ee 
See Figure 1 [780-780 Tae 
Pe Fall Fine [0 0 To 


NOTE 5: These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%, 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 


OUTPUT INPUT 
- 4.90% 
ty 
ty at te a 
-| ty b 4 ts 
See Notes a and b 
—Ves -1V 
VOLTAGE WAVEFORMS TEST CIRCUIT 
CIRCUIT CONDITIONS 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: ty = 20 ns, te = 20 ns, Zgu4 = 50 2, tw = 10 us, 
PRR =5 kHz. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: ty © 14.ns, Rin = 10 MQ, Ciy = 11.5 pF. 


FIGURE 1—SWITCHING TIMES 


PRINTED IN U.S.A. 373 
TH cannot assume any responsibility for any circuits shown 
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TYPES 2N2217 THRU 2N2222, 2N2218A, 2N2219A, 2N2221A, 2N2222A 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311916, MARCH 1973 


DESIGNED FOR HIGH-SPEED, MEDIUM-POWER SWITCHING 
AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 


e hfe... Guaranteed from 100 nA to 500 mA 


© High fy at 20 V, 20 mA... . 300 MHz (2N2219A, 2N2222A) 
250 MHz (all others) 


@ 2N2218, 2N2221 for Complementary Use with 2N2904, 2N2906 
e 2N2219, 2N2222 for Complementary Use with 2N2905, 2N2906 


*mechanical data 


Device types 2N2217, 2N2218, 2N2218A, 2N2219, and 2N2219A are in JEDEC TO-5 packages. 
Device types 2N2220, 2N2221, 2N2221A, 2N2222, and 2N2222A are in JEDEC TO-18 packages. 


THE COLLECTOR 1S IN ELECTRICAL CONTACT WITH THE CASE 


DETAILS OF OUTLINE IN 
THIS ZONE OPTIONAL 


10-5 


Collector-Base Voltage 
Collector-Emitter Voltage (See Note 1) 
Emitter-Base Voltage 
Continuous Collector Current 

25°C Free-Air Temperature (See Notes 2 and 3) 
Continuous Device Dissipation at (or below) 
25°C Case Temperature (See Notes 4 and 5) 
Operating Collector Junction Temperature Range 


Storage Temperature Range 
Lead Temperature 1/16 inch from Case for 10 Seconds 


—65 to 200 


NOTES: 1. These values apply between 0 and 600 MA collector current when the base-ernitter diode is open-circuited. 

2. Derate 2N2217, 2N2218, 2N2218A, 2N2219, and 2N2219A linearly ta 175°C free-air temperature at the rate of 5.33 mw/c. 
3. Derate 2N2220, 2N2221, 2N2221A, 2N2222, and 2N2222A linearly to 175°C free-air temperature at the rate of 3.33 mw/’c. 
4. Derate 2N2217, 2N2218, 2N2218A, 2N2219, and 2N2219A linearly to 175°C case temperature at the rate of 20.0 mw/c. 

5 


, Derate 2N2220, 2N2221, 2N2221A, 2N2222, and 2N2222A linearly to 175°C case temperature at the rate of 12.0 mw/°c. 
*JEDEC registered data. This data sheet contains all applicable r istered data in effect at the time of publication. 
oe seta re e USES CHIP N24 


eS 


TEXAS. INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


4-94 


TYPES 2N2217 THRU 2N2222, 2N2218A, 2N2219A, 2N2221A, 2N2222A 
N-P-N SILICON TRANSISTORS 


2N2217 THRU 2N2222 
*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


2n2217__[_2N2218 | 
PARAMETER To18> | 2nzz20_ | 2n2221 | 
Collector-Base 
Vv Ic = 104A, Ip =0 
BRICBO Breakdown Voltage form eof wo 
Collector-Emitter 
Vv te=1 A, Ip =0, See Note 6 
(BRICEO Breakdown Voitage Ge tom B as | 0 | 


TEST CONDITIONS 


| MIN MAX | 


WORE trenton Votan 
‘ag Calector Guta [Veg= 80 Ig=0 J 
Current [Vea=50V, le=0,_Ta=ie'e] 10 7 
Emitter Cutoff Curent | Veg=3V, Io=0 p10 
Woe = 10V.1g= 1000a | 2 
[Vor =10V,ic=tma _—+ 


Vee =10V, I¢=10mA 17 75 


Ve = 10V. 1g" 180m 20 ao a0 35} 06 3 
eer 1OV-Tewsoomajemnens | | 39120 {190 Sop 


'eBO 


Static Forward Current 
Transfer Ratio 


VcE = 10V, 1¢ = 500mA 
Vce=1V, I¢=150mA 


EB |< | 


va Sane esate atonme FE 
Collector-Emitter ig=15mA, Io= 150mA | o4 [a | 
VCE (sat) Saturation Voltage 73 = 50 mA, ic = 500 mA srenows [24 [0 | 
Small-Signal 
Common-Emitter 
Forward Current 
Transfer Ratio 


fT Transition Frequency VceE = 20V, Ic = 20mA, See Note 7 


Common-Base 


hel VcE = 20V, I¢=20mA, f= 100 MHz 


Cobo Open-Circuit 

Output Capacitance 
Real Part of 
Small-Signal 


hietreat) VcE = 20V, Ic = 20mA, f= 300 MHz 


Common-Emitter 
Input Impedance 


NOTES: 6. These parameters must be measured using pulse techniques. tw = 300 us, duty cycle < 2%, 


7. Te obtain fy, the Inge! response with frequency is extrapolated at the rate of —6 dB per octave from f = 100 MHz to the 
frequency at which Ihgg! = 1. 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONSt 
Voo=30V,Ig= 180mA, Tea) T8mR 


tr Rise Time VBE off) = —0.5 V, See Figure 1 


ts Storage Time Vec=30V, Io = 150 MA, Ip(q) = 15 mA, | 190 | ns | 


tVoitage and current values shown are nominal; exact values vary slightly with transistor parameters. 
*JEDEC registered data 
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TYPES 2N2217 THRU 2N2222, 2N2218A, 2N2219A, 2N2221A, 2N2222A 
N-P-N SILICON TRANSISTORS 


2N2218A, 2N2219A, 2N2221A, 2N2222A 


“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


[ros | avaztea | _awaanea_| | 
TEST CONDITIONS To18> | 2N2221A__| —-2N2222A_—| UNIT. 
TMIN. MAX [MIN MAX | | 
a 
-Vianiceo” Collector Emir Breakdown Volim]i¢=10mA, Ip=0,SeeNows | 40 [#0 | V 
-VieRIEEO EniverBon Breekiown Volioge [ie=T0nA, tomo | 6 | 
Vep=60V-e=0, taster] OPO a 
ge —Cattenor Coit Garrone Wee =60V, Ver=-sv_ TOP to 
Hise ~~Base Gotoh Current [Voce 60V, Vee~—sv | 20-201 | 
ig80 Enver Cutoff Curent MeessvnesO 
Veg = 10V, I= 100nA ae ape 
Woes TOV. ic=tma—SC~d Cd 
Vee = 10V. I¢= 10mA ee 
nee ‘tte Forwerd Curent “a0 t20 [100 300] 
Transfer Ratio goo 8) fae ae 
[2..)SCwC 
Vee = 10V, I¢= 10mA, 
Ta=-56°C 
ig=15mA, ig= OMA rosa fos i 


z 
4 
9 
8 
on 


VBE Base-Emitter Voltage 


VeE{sat) _ Collector-Emitter Seturation Voltage 


h Smali-Signal Common-Emitter Voces 10V, Ic=1mA 
eS Input Impedance Vce = 10V, Ic=10mA (0.25. 1.25 | 
Small-Signal Forward Current a 


g 
wo 
8 


gi 
x 
= 
L 
~ 
oi 
i 
= 
Ws 
~ 
a 


Small-Signal Common-Emitter 
Reverse Voltage Transfer Ratio VceE=10V, Ic= 10mA 


Smali-Signal Common-Emitter Vce = 10V, Ic=1mA 


Output Admittance VcE = 10V, Ic = 10mA 


h [Vce=10V, Ic=1mA_| 
big Transfer Ratio Voce =10V, Ic = 10mA 
Vee =10V, ic=imA | 


Small-Signal Common-Emitter 
Prel Forward Current Transfer Ratio 


fr Transition Frequency Vce=20V, tc =20mA, See Note7 


‘Common-Base Open-Circuit 
Cobo oan ae th Vop=10V, Ie =0, f= 100 kHz 


Common-Bese Open-Circuit 
Cc Veg "0.5 V,!Ico=9, f = 100 kH. 
ibo input Capacitance EB c = 


Real Part of Small-Signat 
Vce = 20V, Ic=20mA, f= MH: 
Fie(reat) Common-Emitter Input impedance ce = 20 'o= 20 is acuta 


Ib'Ce Coltector-Base Time Constant 


=20V, Ic =20mA, f= 100 MHz 


oO 
m 


Voce" 20V, I¢=20mA, £= 31.8 MHz 


NOTES: 6. These parameters must be measured using pulse techniques. ty, = 300 ys, duty cycle < 2%. 
7. To obtain fr, the Pte] response with frequency is extrapolated at the rate of —6 dB per octave from f = 100 MHz to the 
frequency at which h_|= 1. 
*JEDEC registered data 
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TYPES 2N2217 THRU 2N2222, 2N2218A, 2N2219A, 2N2221A, 2N2222A 
N-P-N SILICON TRANSISTORS 


*operating characteristics at 25°C free-air temperature 


PARAMETER 


F Spot Noise Figure 


PARAMETER 


Delay Ti 
Vec"30V,  i¢=180mA, Igy) = 18mA, 
it RiseTime SC~=~@Y Vv; = 0,5 V, See Figure 1 
TA Active Region Time Constant? ae lott 7a 


Veo=30V, Ig= 160mA, Tpqi) = 18 mA, 


T Voltage and current values shown are nominal; exact values vary slightly with transistor parameters, 


[Foe [aNazTeA [aNzzTeA| 
[¥o-16->| anzzzia [222220 
| Max [MAX _| 


TEST CONDITIONS 


| T0-5-+ | 2N2218A | 2N2279A | 


t 
tunder the given conditions Tz Is equal to 6 , 


7 *PARAMETER MEASUREMENT INFORMATION 


49.9V w--- 
+30V | | 
INPUT 
200 2 -0.5 V 
OUTPUT tae 
ka 


—~ t, 


6192 r 
INPUT 10% : 
OUTPUT 
= 90% 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1-DELAY AND RISE TIMES 


+16.2 Vere 
+30 V INPUT 
~—13.8 V 


Hives 
: 


20 ka k 
INPUT ty 
OUTPUT > tf os 
‘ 
au | F 10% 
{/ OUTPUT 
10% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2—STORAGE AND FALL TIMES 


NOTES: a. The Input waveforms have the following characteristics: For Figure 1, t) < 2ns, tw © 200 ns, duty cycle < 2%; for Figure 2, 
te <5 ns, ty * 100 us, duty cycle < 17%. 
b. All waveforms are monitored on an oscitioscope with the following characteristics: ty < 5 ns, Rin > 100 KQ, Cin S 12 pF. 


"JEDEC registered data 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES D272218, D2T2218A, 0272219, D2T2219A 
DUAL N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311978, MARCH 1973 


TWO GENERAL PURPOSE TRANSISTORS IN ONE PACKAGE 


e Each Triode Electrically Simliar to 2N2218, 2N2218A, 
2N2219, 2N2219A Transistors 


e For Complementary Use with D2T2904, D2T2904A, 
D2T2905, D2T2905A Dual P-N-P Transistors 


mechanical data 


ALL LEADS INSULATED FROM CASE 


Dimensions without tolerance desig- 
nate true position. Leads having maxi- 
mum diameter (0.019’') measured in 
gaging plane 0.084” +0,001"" -0.000" 
below the seating plane of the device 
shall be within 6.007" of their true 
position relative to # maximum width 
tab. 


. COLLECTOR 1 
. BASE 1 

. EMITTER 1 

. EMITTER 2 


ALL DIMENSIONS ARE IN INCHES . BASE 2 
UNLESS OTHERWISE SPECIFIED . COLLECTOR 2 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


D2T2219 | D2T2219A 
Collector-Base Voltage 
Collector-Emitter Voltage (See Note 1) 
Emitter-Base Voltage 


Continuous Collector Current 


Continuous Device Dissipation at (or below) 25°C 
Free-Air Temperature (See Note 2) 
Continuous Device Dissipation at (or below) 25 C 


NOTES: 1, These values apply between 0 and 500 mA collector current when the base-emitter is open-circuited. 
2. Derate linearly to 200°C free-air temperature at the rate of 2.28 mW/°C for each triode and 3.43 mw/°C for the total device. 
3. Derate linearly to 200°C case temperature at the rates of 5.7 mW/°C for each triode and 11.4 mW/°C for the total device. 
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TYPES D2T2218, D2T2218A, D2T2219, D2T2219A 
DUAL N-P-N SILICON TRANSISTORS 


D2T2218, D2T2219 
electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


| b2t2218_| o2tz219_| 
PARAMETER TEST CONDITIONS ain MAX [MN A UNIT 


[Visnieao CollctorBave Breakdown Vortope [i= 10ua, fe | 0] 
[Vieyc£O Collector-Emitter Breakdown Voliage [Ic=10mA,Ip=0,  SeeNowea | 30 [30 TV 
[Wipro EmitterBese Breakdown Voltage [Ie 10HA,  Ic=0 ee 
[Vep=60V, te=O0 tt 
ec ee ee 
fieno Emitter cute Gurrent_——— «| Vew= SV. ic=0 a) 
Vee=10V, tc=100uK | OB 
VcE=10V,_ Ic=1mA i 
; 
hee Static Forward Current Transfer Ratio 


VcE*=10V, Ic=10mA 
VcE=10V, Ico =150mA 
Note 4 
VcE=10V, ic = 500 ma | S*° Note 
Voce =1V, I¢ = 150 mA 

Ipei5mA, ic=t A 
Igp=15mA, Ic =150mA 

See Note 4 

tg2=50mA, I¢2=500mA 


Smali-Signal Common-Emitter 

Voce =20V, Ic=20mA, f= 100MH 
Pel Forward Current Transfer Ratio ce ~ 20 cr2tm DOM 
fT Transition Frequency VcE=20V, I¢=20mA, See Noted 
Common-Base Open-Circuit 

Veg 10V, le =0, f= 1MH 

Output Capacitance ce E g 
Reat Part of Small-Signal 
Common-Emitter Input Impedance 


iit 
& 
8 
fa i 


VcE(sat) _ Collector-Emitter Saturation Voltage 


Cobo 


Hielreal) Vce=20V, Ic=20mA, f= 300 MHz 


NOTES: 4. These parameters must be measured using pulse techniques. ty = 300 us, duty cycle < 2%. 


5. To obtain ty, the heel response with frequency is extrapolated at the rate of —6dB per octave from f = 100 MHz to the 
frequency at which htel= 1. 


switching characteristics at 25°C free-air temperature 


} 7 ST 
fa Dey Time CSSSCSCSC*d‘ CSO, = 1B0MA, Ines = TMA S| ne 
Vee ott) = -08 V, seeFiguet_ [75 _[ 
rig —Storege Time SSSSSSCSS—*d VC SOV, I= THOMA, Talay = 15MA,] 190 | re] 
fee Fa Tie aig = 15 ma, see Figure? [23 | m_ 


TVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES 0272218, D2T2218A, D2T2219, D2T2219A 
DUAL N-P-N SILICON TRANSISTORS 


D2T2218A, D2T2219A 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


paraziea | bavaz0n_| 
PARAMETER TEST CONDITIONS 


¢ 
= 
4 


[MIN MAX [MIN MAX | 
ig= Tu Te 70 
-ViaRicEo  ColectorEminer Breakdown Vologe]ig=10mA,Ip=0, eNews [a0 [ao v_| 
Vignieso EmiverBae Breakdown Vorow —[ie=10eA leno i 8 
tee Cater cutttcurens PROBE et ef 
Voa=60V, le=0, Tartare] | 10 a | 
oey Galeton Guia Gavent [We “60. vee==aV [ro | to 
IgE Bos Corot Garrent Woe =60V. Vac ==av [| 20 | 20 na 
lEBO Emitter Cutoff Current Veg=3V, Ic=0 a en ee 
Voce =10V_ To 100A a ee 
Vce=10V, 1¢= 1 ma as 0 
Vee = 10V, tg= 10m pa ere 
nee Stat Forward Curent [20190 | 100 00 
Vce=1V, Ig=150ma| “N4 [39 so 
Vce=10V, I¢=10mA, 
Vee Base-Emitter Voltage IB=15MA, Ic = 150 MA! coe Note 4 pes zpos ay | 
Ase | eee 
VcE{sat)  Collector-Emitter Saturation Voltage ferent See Note 4 pst __23} y | 
ieee aaa 1 
te tngut impedance Poa 1 fos 8 
Tranter Rati [0300 | 7576] 
- Smai-Signal Common Emitter 
ie Reverse Voltage Transfer Ratio VcE=10V, Ig = 10mA 
____ Sinai Sigat Common Emer a tl 
2% Output Admittance “too [35 300 
Smail-Signal Common-Emitter 
Pel Forward Current Transfer Ratio Veen a0 eS zone Str leo Mee ee ee ee 
Vee =20V, 1g= mA, SeeNows [30] 300] we | 
So Cc ee 
Sg I 
tp’Ce Collector-Base Time Constant VcE=20V, Ic=20mA, f= 31.8MHz] 150] 150 | ps_| 


NOTES: 4. These parameters must be measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
5. To obtain fy, the Prel response with frequency is extrapolated at the rate of —6 dB per octave from f = 100 MHz to the 
frequency at which fhge| = 1. 
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TYPES 0272218, D2T2218A, D2T2219, D2T2219A 
DUAL N-P-N SILICON TRANSISTORS 


operating characteristics at 25°C free-air temperature 


[D2T2218A|02T 22190 
PARAMETER TEST CONDITIONS june 
| ranameren |} MAX | Max | 


F Spot Noise Figure VcE=10V, ic=100KA, RG=1kR, f=1kHz | =| 4 | aB | 


switching characteristics at 25°C free-air temperature 


Vec = 30V, Ic = 150 mA, 1g(1) = 15mA, 


VBE (off) = —0.5V, See Figure 1 


Vec=30V, . i¢=150mA, — ig(y) 715 mMA, 
te Fait Time Ig(2) = —15 mA, See Figure 2 


t Voltage and current values shown are nominal, exact vaiues vary slightly with transistor parameters. 


t 
tUnder the given conditions 7, Is equal to = : 


PARAMETER MEASUREMENT INFORMATION 


49.9V wone 
+30V | | 
INPUT 
200 2 -05V , 
Fltghe— 


OUTPUT ! 
619 2 — t ae 
INPUT 10% 1 
t 
H OUTPUT 
= 90% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1—DELAY AND RISE TIMES 
+16.2 Vern 

+30V INPUT 
-13.8V 


' 
' 
1 
20 kn wig be 


INPUT 1 
OUTPUT Pe tp 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 2—STORAGE AND FALL TIMES 


NOTES: a. The input waveforms have the following characteristics: For Figure 1, ty < 2s, ty, < 200 ns, duty cycle < 2%; for Figure 2, 


te <5 ns, ty = 100 us, duty cycle < 17%. 
b. All waveforms are monitored on an oscilioscope with the following characteristics: t, < 6 ns, Rin * 100 kN, Cin © 12 pF. 
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TYPES A5T2222, TISi09, TISTI0, TIS11 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311317, MAY 1970-REVISED MARCH 1973 


SILECTt TRANSISTORS} 
DESIGNED FOR HIGH-SPEED, MEDIUM-POWER SWITCHING 
AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 
featuring 
© High f7.... 350 MHz typ at 10 V, 20 mA 


Low VCE(sat) . . . . 0.13 V typ at 150 mA 
High Maximum Ic ... . 800 mA 
e AST2222 Electrically Similar to 2N2222, 2N3116, and 2N4952 
© TIS109 Processing Includes Operational Aging at 300 mW for 24 Hours 
@ TIS110 Electrically Similar to 2N4400 
e TIS111 Electrically Similar to 2N4401 
mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


200 0.160 
0.005 4 xo.010 


+ 0.002 
a 0.017 Toop OA. 
0.188. 
0.005 3- COLLECTOR 
LEAD TEMPERATURE MEASUREMENT POINT {1/16" FROM CASE) 
NOTES: A. Lead diameter is not controlled in this orea. 
8. Leads having maximum diameter (0.019) shall be within 0.007 of theit true positions 
measured in the gaging plane 0.054 below the seating plane of the device retotive to 
© maximum-diameter package. 
C. All dimensions ere in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


AST2222 TIS110 
TIS109 TIS111 
| Collector-Base Voltage 2 6... ee 60 V 60V 
Collector-Emitter Voltage (SeeNote?) 2... ....2.......2004, 30 V 40V 
Emitter-Base Voltage 2... kt 5V 6V 
| Continuous Collector Current 2... 1. ee ee ee ee, -— 800mA ——~e 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) «—— 625 mW ——e 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 3) . «—— 1.25wW -———e 
Storage Temperature Range 2 2... te el + -65°C to 150°C —» 
Lead Temperature 1/16 Inch from Case for 10Seconds 5 5... ww, — 260°C ——e 
NOTES: 


1, These values apply between 0 and 10 mA collector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 160°C free-air temperature at the rate of 5 mW/*C. 


3. Derate linearly to 180°C lead temperature at the rate of 10 mW/°C, Lead temperature Is measured on the coll 
from the case. 


lector lead 1/16 inch 
T Trademark of Texes Instruments 
U.S. Patent No, 3,439,238 USES CHIP N24 
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TYPES AST2222, TiS109 
N-P-N SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


AST2222 TIS109 

—Visnjoao ColectorBaxs Breakdown Vonage |ig=10ua te=0 S| oo oo 
—Vipniceo “Collecior miner Breakdown Votipe [ic=10mA, tg=0, SeeNowé [30 [90 | Vv | 
VIBRIEBO Emitter-Base Breakdown Voltage fe=10nA, Itc=0 Yr 5 | & {Vid 
Wea=20V. teow 
Icpo Collector Cutoff Current Wop=50V, eso SST OTC 
Wop =50V.Ie=0, Tanto | <3 | | aA | 
[te Ermiter Gutotf Curent __——=*d(Ve=8V,_tc=0 [10 | __10 | ma | 
Voce =10V, I¢= 100 uA ee ee 
[Wce=10V, IcstmA | 
hee Static Forward Current Transfer Ratio i ee ees 
ees icw 100400 |_| 
Woe =10V, 1¢= 500 mA a ee 
Woe =1V, I= 150A | [so [aT 
oa or Eee 
rs 

VcElsat) _ Collector-Emitter Saturation Voltage = = = ne - soo ne seewows [24 | $4 


Smaii-Signal Common-Emitter : 
Voce =i0V, Ic= A, f= 100MH 
Intel Forward Current Transfer Ratio CE een ‘ - 


fy Transition Frequency Vce=10V, ic=20mA, See Note 5 


Common-Base Open-Circuit 

‘obo Output Capacitance Vcp=10V, le=0, S=Mie 
Common-Base Open-Circuit 

Cibo tiipiik Gapsaciterioe Vep=O.5V, Ic=0, = 1MHz 


Real Part of Small-Signal 
Re(h Voge =10V, Ic=20mA, f= 300MH 
ethie) Common-Emitter Input Impedance cE c 2 


pe] | 
nT 


NOTES: 4. These parameters must be measured using pulse techniques. ty = 300 ys, duty cycle © 2%. 
8S. To obtain fy, the Ingel response with frequency is extrapolated at the rate of —6 dB per octave from f = 100 MHz to the 


frequency at which Ingel #1. 


switching characteristics at 25°C free-air temperature 


VegESOV. Tg 180mA, Tay = TEMA 

yt Risetime VBE (off) = —0-5 V, See Figure 1° yi | ms | 

Vec = 30V, Te=150mA, Ipiyy=temA, | 190s 
ee 


te Fall Time Ip(2) = -15 mA, See Figure 2° 


Tt Voltage and current values shown are nominal; exact values vary stightiy with transistor parameters. 


®The referenced figures are shown under Parameter Measurement Information for types 2N2217 through 2N2222 or TIS109, page 4-96. 
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TYPE 0272222: 
QUAD N-P-N SILICON TRANSISTOR 


BULLETIN NO, DL-S 7311703, APRIL 1972—REVISED MARCH 1973 


DESIGNED FOR MEDIUM-POWER SWITCHING 
AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 


e@ High Breakdown Voltage Combined (TOP VIEW) 
with Very-Low Saturation Voltage 


e hFE... Guaranteed from 100 nA to 500 mA 
© High fy... 250 MHz Min at 20 V, 20 mA 


NC—No internal connection 


mechanical data 


14-PIN PLASTIC DUAL-IN-LINE PACKAGE 


e770 
O70 
LISOSeoe NOTES: 


a, The true-position pin spacing is 0.100 
between centerlines. Each pin center- 
tine is located within 0.010 of its true 
longitudinal position relative to pins 4 
and 11, 

- Ali dimensions are in inches untess 
otherwise noted, 


Falls Within JEDEC TO-116 and 
MO-001AA Dimensions 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


EACH TOTAL 
TRIODE DEVICE 
Collector-Base Voltage 2. 2. 1. et 60 V 
Collector-Emitter Voltage (SeeNote1) 2... 2. et ee te 30 V 
Emitter-Base Voltage 6. wf 5V 
Continuous Collector Current 2. 2... kt 08 A 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) .... o.6Wwt 1.5wt 
Storage Temperature Range... 2... ke EVEL date, tyr tit ike | =B5°C to 150°C 
Lead Temperature 1/16 Inch from Case for 10Seconds .............4, . *—260°C — 


NOTES: 1, This value applies between 0.01 mA and 500 mA collector current when the emitter-bace diode is open-circuited. 
2. Oerate tinearly to 150°C free-air temperature at the rates of 4 mW/*C for each triode and 12 mWw/C for the total device, 


tPrevious editions of this data sheet showed higher power dissipation ratings which have been found to be in error. The new ratings correct these 


errors and do not represent product changes. USES CHIP N24 
a 
3 
TEXAS INSTRUMENTS 4-103 
INCORPORATED 


POST OFFICE BOX 8012 ¢ DALLAS, TEXAS 75222 


TYPE Q2T2222 
QUAD N-P-N SILICON TRANSISTOR 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


re 8 contin Ja afr 
Fieaicae Caiecorton Breatdomn Vamos enero 
Teniceo CovectorEmiver Breakdown Valage | les T0mA gro, __—‘SwNows [90 | V 
Wipaleae Enitar-ie Brostown Voltages | ten Tua, tcwo dT 
'cBo Collector Cutoff Current Vep=50V,_ 'e=0 : | __t0| 

Wesss0v, eso tar toore | 


leBo Emitter Cutoff Current 
Vce=10V, Ios 10mA 
Vce=10V, Ico= 150mA 100 300 
VcE=10V, Ico™500mA 
Voe=1V, Io = 160 mA 


Pigs 15mA, Ic = 150 mA | a) 
Pes ae ee a i 
ig=60mA, _1¢= 600mA 26] 


hee Static Forward Current Transfer Ratio 


Tgp=16mA,  Ic= 150mA 
VcE (sat)  Collector-Emitter Saturation Voltage Per remn. Te TTAY seenows = —Fa V | 
Small-Signal Common-Emitter 
Voc—E210V, Ic A, f = 100 MHz 
heel Forward Current Transfer Ratio bia aes: fas | 


fr Transition Frequency Vce=10V, Ic¢=20mA, See Note 4 250 
Cobo Common-Base Open-Circuit Output Capacitance Vep=10V, le=0, f= 1 MHz a) 
Cibo Common-Base Open-Circuit Input Capacitance Vep=0.5V, Ic=0, ee 


Real Part of Small-Signal 
a Vee = 10 V, le = 20 mA, f = 300 MH 
Relhie) —— Common-Emitter Input Impedance £ c ie 7 | a 


NOTES: 3. These parameters must be measured using pulse techniques. ty = 300 is, duty cycle < 2%. 
4. To obtain fy, the hte response with frequency is extrapolated at the rate of —6 dB per octave from * = 100 MHz to the 
frequency at which Inte #1, 


switching characteristics at 25°C free-air temperature 


TEST CONDITIONSt 
Vee=WV, te=180mA, gay 18mA, | 8 
Vae(off = 0.5, seoFiguet [12 [|__| 
Veo=20V, 1e=T80MA, Ten 18mA, | 190 | rs 
Pe Fartine tty 18 sree? [0 | 


t Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 


+16.2 Voom 
(nPUT 
49.9. on-- 
Sand -13.8V 
INPUT 1 
200 2 -0.8V 7 OUTPUT _! ce 
1 
oureur the INPUT ae 
eten a yh 
INPUT ‘ok r a ty =, 
1 
{ OUTPUT /__ouTeuT 
20% 
TEST CIRCUIT VOLTAGE WAVEFORMS TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1—DELAY AND RISE TIMES FIGURE 2—STORAGE AND FALL TIMES 


NOTES: a. The Input waveforms have the following characteristics: for figure 1, tp < 2 ns, ty < 200 ns, duty cycle < 2%; for figure 2, 
te SG ns, ty * 100 us, duty cycle < 17%. 
b. All waveforms are monitored on an oscilloscope with the following characteristics: tp < 5 ns, Rin > 100 k&, Ci, < 12 pF. 


PRINTED IN U.S.A. 3 
TI cannot assume ony responsibility for eny circuits shown 
4-104 TEXAS INST RUM ENTS of represent that they ore free from patent infringement. 
INCORPORATED 
POST OFFICE BOX 5012 © DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N2060, 2N2223, 2N2223A 
DUAL N-P-N SILICON TRANSISTORS 


BULLETIN NO. OL-S 7211678, MARCH 1972 


TWO TRANSISTORS IN ONE PACKAGE 
FOR DIFFERENTIAL AMPLIFIER APPLICATIONS 


e@ Medium Power 
© High Operating Voltage 


*mechanical data 


ALL LEADS INSULATED FROM CASE 


Dimensions without tolerance desig- 
nate true position. Leeds having maxi- 
mum diameter (0.019"') measured in 
gaging plane 0.084’ +0.001" -0.000” 
below the seating piane of the device 
shall be within 0.007" of thelr true 
position relative to a maximum width 
tab, 


. COLLECTOR 1 

. BASE 1 

. EMITTER 1 

. EMITTER 2 
ALL DIMENSIONS ARE IN INCHES . BASE 2 
UNLESS OTHERWISE SPECIFIED . COLLECTOR 2 


T Applicable to 2N2223 and 2N2223A onty. Registered minimum dimension for 2N2060 is 0,140, 


223 


Collector-Emitter Voltage (See Note 1) 
Coliector-Emitter Voltage (See Note 2) 
Emitter-Base Voltage 

Continuous Collector Current 


NOTES: 1. These values apply when the base-emitter resistance (Rge) is equal to or less than 10 ohms, 
2. These values apply when the base-emitter diode Is open-circulted. 
3. Derate linearly to 200°C free-air temperature at the rate of 2.86 mW/°C for each triode and 3.43 mW/°C for total device. 
4. Derate 2N2060 linearly to 200°C case temperature at the rate of 8.6 mW/C for each triode and 17.2 mW/°C for total device. 
6. Derate 2N2223 and 2N2223A linearly to 200°C case temperature at the rate of 9.1 mW/°C for each triode and 17.2 mW/°C for 
total device. 
6. The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 
7. This parameter must be measured using pulse techniques. tw = 300 us, duty cycle < 1%. , 
8. The lower of the two hee reading /s taken as heey. 
9. This parameter is measured in an amplifier with response down 3 dB at 25 Hz and 10 kHz and a high-frequency rolloff of 6 
dB/octave. 
“JEDEC registered data. This data sheet contains at! eppticable registered data in effect at the time of publication. USES CHIP N23 
SS SSS 
372 
TEXAS, INSTRUMENTS 4.108 


POST OFFICE BOX 5012 « DALLAS, TEXAS 76222 


TYPES 2N2060, 2N2223, 2N2223A 
DUAL N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25 C free-air temperature {unless otherwise noted) 
individual triode characteristics (see note 6) 


PARAMETER TEST CONDITIONS [ anzoso | 222 | UNIT 
VIBRICBO Collector-Base Breakdown Voltage Te=100uHA, IE =0 fr00—s[ 100 S| VC 
ViBR)CEO Collector-Emitter Breakdown Voltage | I¢=30mA, Ig ~=0, See Note 7 oe ee 
ViBR)CER Gollector-Emitter Breakdown Voltage | Ic = 100mA, Rpe = 102, See Note 7 so | 8 | V | 
ViBRIEBO Emitter-Base Breakdown Voltage le =100HA, Ic=0 
'cBo Collector Cutoff Current Yoo ee s ans: PeeeOEC 
Vep=80V.ie=0,tantere [rol HA 
1E80 Ermittr Cutoff Gurrent Pvess6Wc WeeO Oa 
vee=8V, ion tomm SS SSCSC—~s ST 
Vee =5V, Io=100HA 
wre save orn an Tt ane [ea 
Vee = BV. I¢=10mA, SeoNow7 | 60 160[ 60 200[ | 
VBE Base-Emitter Voltage Ig2=5mA, I¢=50mA | os| os! Vv _| 
VCE lsat) Collector-Emitter Saturation Voltege ip=5mA, !¢=50mA a) ee 
% Small-Signal Common-Base 
ib Input Impedance 
Smalt-Signal Common-Base 3x 
Ven 2=5V, Iq=imA, f= 1 kHz o-* 
rb Reverse Voltage Transfer Ratio cB ¢c mk 
h Smail-Signal Common-Base 4 
‘ob Output Admittance 
Smalt-Signal Common-Emitter 
hie 1000 4000 
Input Impedance 
Smail-Signal Common-Emitter 
h = ' , f= 1kH 50 150 
: Forward Current Transfer Ratio VoEs Pye. tom ts ead | eo 180] 40 200) 
r Smali-Signal Common-Emitter | [ao 
08: Output Admittance 
: “Emi 
bre! Small-Signat Common: meter Vce=10V, I¢=50mA, f= 20 MHz 
Forward Current Transfer Ratio 
Cobo Common Base Open-Circuit Vop=10V, le =0, f= 1MHz 
Output Capacitance 
Cibo Common-Ger Open-Circuit Vep*0.8V, I¢=0, t= 1MHz 
Input Capacitance 
triode matching characteristics 


PARAMETER TEST CONDITIONS auzoe. 2960 | anaes 
hFe1 Static Forward Current Vce=5V. c= 100KA, See Note 8 foo 1 fos 4 | 
hFE2 Gain Balance Ratio VcE=5V, !c=1mA, SeeNote8 ros 1 [| 


VeersV. Ic 100HA 
Vce=5V, Ic=imaA 


pee — VeE2 Base-Emitter-Voltage-Ditferential VceE=5V, ic = 100KA, 
AT~ Temperature Gradient From Ta = —S5°C to Ta = 126°C 


*operating characteristics at 25°C free-air temperature 
individual triode characteristics (see note 6) 


PARAMETER 
F Spot Noise Figure 
F Average Noise Figure 


*JEDEC registered data 


Vse1 a Vpe2! Base-E mitter-Voitage Differential 


Voce = 10V, Ic = 300 HA, Rg = 510 2,f=1 kHz 


Vce = 10V,!Ic= 300 BA, Rg = 1 k&, Noise Bandwidth = 15.7 kHz, See Note 9 


Se 


PRINTED IN U.S.A. ‘ 
4-106 TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE BOX 8012 « DALLAS, TEXAS 78222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIM 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBIL 


| TYPES 2N2192, 2N2192A, 2N2193, 2N2193A, 
2N2194, 2N2194A, 2N2243, 2N2243A 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 733571, MARCH 1963—REVISED MARCH 1973 


FOR MEDIUM-POWER SWITCHING 
AND AMPLIFIER APPLICATIONS 


e High Breakdown Voltage Combined with 
Very Low Saturation Voltage 


© hFE—Guaranteed from 100 na to 1 amp 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE® 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N2192 

2N2192A 

| Collector-Base Voltage SCS; 
| Collector-Emitter Voltage (See Note 1) SAO" 
|_Emitter-Base Voltage TS 
al 


Total Device Dissipation at (or below) 
25°C Free-Air Temperature (See Note 2) 
Total Device Dissipation at (or below) Rigetclp peel see tance eae 
25°C Case Temperature (See Note 3) 2.8" 2.8" 2.8" 2.8" 
-65°C to 200°C* 


NOTES: 1, This value applies when the base-emitter diode is open-circuited, 

. Derate linearly to 200°C free-air temperature at the rate of 4.57 mw/°C. 

. Derate the 10-watt rating linearly to 200°C case temperature at the rate of 57.1 mw/C. Derate the 2.8-watt (JEDEC registered) 
rating linearly to 200°C case temperature at the rate of 16 mw/C. 


QN 


*The JEDEC registered outline for these devices is TO-5. TO-39 falls within TO-5 with the exception of tead length, 
*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
t this value is guaranteed by Texas Instruments in addition to the JEDEC registered value which is also shown. 


USES CHIP N23 
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T EXAS INSTRUMENTS 4-107 


NCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES 2N2243, 2N2243A 
N-P-N SILICON TRANSISTORS 


telectrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Voce = 10¥, lc = 100 pa 


Vee = 10¥, Ic = 10ma 

Vce = 10¥, Io = 10ma, TA = — 55°C 
hee Static Forward Current Transfer Ratio 

Vee = 10¥, Ic = 150 ma, See Note 4 


Voe = 10v, Ic = 500ma, See Note 4 
Voe = I¥, Ic = 150ma, Ses Note 4 


Voc Base-Emitter Voltage 
Vegjsat) _Collector-Emitter Saturation Voltage 


h Small-Signal Common-Emitter 
[hs Forward Current Transfer Ratio 


PARAMETER 


T Stored-Charge Time Constant 


NOTE 4; These parameters must be measured using pulse techniques. PW = 300 psec, Duty Cycle < 2%. 


“Indicates JEDEC registered data 


4-108 TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 78222 


TYPES 2N2243, 2N2243A 
N-P-N SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


O +10v 


INPUT PULSES AT POINT A 


| | INPUT PULSE (1) 


O OUTPUT 


2N2243 


2N2243A pa 


TEST CIRCUIT 


VOLTAGE WAVEFORMS 


“FIGURE T — STORED-CHARGE TIME CONSTANT — T, 


NOTES: a. Waveforms are monitored on an oscilloscope with the following characteristics: t; < 14 nsec, Rin = 10 M&2, Cin = 11.5 pF. 
b. The relay is Clare HG 1005 (or equivaient). 


“indicates JEDEC registered data. 
873 PRINTED IN U.S.A. 
TI cannot assume any responsibility for ony circuits shown 


OF represent thot they are free from patent intringement. TEXAS. INSTRUM ENTS 4109 


NCORPORATED 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PROOUCT POSSIBLE. 


TYPE A5T2243 
N-P-N SILICON TRANSISTOR 


BULLETIN NO. DL-S 7311978, MARCH 1973 


SILECTT TRANSISTOR{ 
FOR MEDIUM-POWER SWITCHING AND AMPLIFIER APPLICATIONS 


e High V(BR)CBO... 120 V 

@ hfe Guaranteed from 100 1A to 500 mA 
e f7T...50 MHz Min 

e Electrically Similar to 2N2243A 


mechanical data 


This transistor is encapsulated in a plastic compound specifically designed for this purpose, using a highly mechanized 
process developed by Texas Instruments. The case will withstand soldering temperatures without deformation. This 
device exhibits stable characteristics under high-humidity conditions and is capable of meeting MIL-STD-202C, 
Method 1068. The transistor is insensitive to light. 


0.200 0.160 
=0.005 14 0.010 


i +0.002 
fp Ese ere 0.017 9.99) DIA. 


3 LEADS 


0.105 
0.008 0.500 MIN 


Lead diameter is not controiled in this area. 

. ” Leads having maximum diameter (0.01 9) shall be within 0.007 of their true positions measured 
in the gaging plane 0.054 below the seating plane of the device relative to a maximum- 
diameter package. 

» All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage. . bee Bot. ead ci whe ae dow ee he Re eee Be Se. 120 
Collector-Emitter Voltage (See Note 1) Dai wide de ee ON es ae ca tp ite eo Gp, Get iy, Be Bei oe es ee BON, 
Emitter-Base Voltage 6 6 we 7V 
Continuous Collector Current . . . Deedee di wlan hats fs esd 6 1A 
Continuous Device Dissipation at (or below) 25° c Free-Air Temperature (See Note 2) toe ee ee ee 625 MW 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note3) . . wee ee ee) 6025 W 
Continuous Device Dissipation at (or below) 25°C Case-and-Lead Temperature (See Note 4) wee eee . 1.60 
Storage Temperature Range. Ce ee ee ee ee ee a 65°C to 150°C 
Lead Temperature 1/16 Inch from Case he 10 seconde chit ag ath Shots. We dak othetee We Bee Gun teaketese 3 p 8200-6 
NOTES: 1. This value applies when the base-emitter diode is open-circuited, 


2. 
3. Derate linearly to 150°C Sead temperature at the rate of 10 mWw/°C. Lead temperature is measured on the collector lead 1/16 inch 


a. 


Derate linearly to 150° & free-air temperature at the rate of 5 mw/c. 


from the case. 
This rating applies with the entire case (including the leads) maintained at 25°C. Derate finearly to 150°C case-and-lead 
temperature at the rate of 12.8 mw/c. 


t Trademark of Texas Instruments 
tu.s. Patent No. 3,439,238 USES CHIP N23 


eel 


4-110 


TEXAS INSTRUM ENTS 
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TYPE A5T2243 
N-P-N SILICON TRANSISTOR 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


TEST CONDITIONS [an WAX OR 
[ VipRiceo Collector Gee Breakdown Votes __—*idle=100uA, te =0 
[ VisRicEo Collector Emitter Breakdown Volpe | 1¢=28mA, Ig =0,_ See Now 
[ VisRieso EmiierGase Breskdown Voltas |e = 100A, c= 0 


Vop=60V, Ie =0 


4 


o ; 
EECEEE 


U 
IcBo Collector Cutoff Current Vep=60V, ip =, Ta 100° 
(60 Emitter CutoH Current Ves=5V. ic=O SiS 
VcE=10V, Ic=100uA 


Voce =10V, Ic =10mA 
VcE=10V, I¢=150mA 
VcE=10V, Ic =500mA 
VceE=1V, Ic = 150mA 
VBE Base-Emitter Voltage \p=15mA, ic¢=150mA, See Note 5 
VCE(sat) _ Collector-Emitter Saturation Voltage IB=15mA, Ic=150mA, See Note 5 

Smail-Signal Common-E mitter 
Prel Forward Current Transfer Ratio 
Common-Base Open-Circuit 
Output Capacitance 


h Static F d Current Transfer Rati 
FE ‘orwar trent Transfer Ratio See'Nowe 


Vc—E=10V, I¢=50mA, f= 20MHz 


Cobo Vep=10V, ig =0, f= 1MHz 


NOTE 5: These parameters must be measured using pulse techniques. ty, = 300 ps, duty cycie < 2%. 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 
Th Stored-Charge Time Constant See Figure 1 


PARAMETER MEASUREMENT INFORMATION 


+10V -- 


Pulse @) 


fC) 
it] { 
O +10V : —{—0.2ms H 
'———— 8 ms 
? See Note a 
INPUT PULSES AT POINT A 
OUTPUT 
INPUT PULSE (4) 
r--$ 1 input PuLse @ 
: i 
! 
| ers 
OUTPUT ‘ 
PULSE i } 
1 
frts2—7-7b—+} 
e— t5j-—_——— 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a. Waveforms are monitored on an oscilloscope with the following characteristics: t; < 14 ns, Rin = 10 MQ, Cin = 11.5 pF. 
b. The relay is Clare HG 1005 (or equivalent). 


FIGURE 1—STORED-CHARGE TIME CONSTANT— Th 


873 PRINTED IN U.S.A. 
Ti cannot assume any responsibility for any circuits shown 
or represent that they are free from patent infringement. TEXAS INSTRUM ENTS 4-111 
INCORPORATED 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CRANGES AT ANY TIME POST OFFICE BOX 5012 + DALLAS, TEXAS 78222 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N2270 
N-P-N SILICON TRANSISTOR 


BULLETIN NO. OL-8 7311947, MARCH 1973 


FOR MEDIUM-POWER, GENERAL PURPOSE APPLICATIONS 


*mechanical data 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


C5 MIN 


uARORENENT POWNT 
ALL DIMENSIONS 

ARE IN INCHES 
UNLESS OTHERWISE 


SPECIFIED 
0.100 MIN 


DETAILS OF OUTLINE IN, 
‘THI ZONE OPTIONAL 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage ww wk ee 60 v* 
Collector-Emitter Voltage (See Note?) 6 6 6 ee 45 Vv" 
Collector-Emitter Voltage (see Note 2). 6 ee 60 V* 
EmitterBaes Voltas: 9:5 vue aa. Eas aed Ooh Rere ee 4 wy 
Continuous Collector Current: 2 6 0 0 ee ee ee TAT 
4 Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (see Note3) . . 2... 2 eee 1w* 
t 

Continuous Device Dissipation at (or below) 25°C Case Temperature (see Note 4) ei ciewihe ou. SCAN, ay a8 eae 
Storage Temperature Range 6 8 ee —65°C to 200°C* 
t 

Lead Temperature 1/16 Inch from Case for 10 Seconds . . 2. 6 6 2) ee te ee eee 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 


ViBRICEO Collector-Emitter Breakdown Voltage Ic = 100 mA, Ig = 0, See Note 5 
VIBRICER Collector-Emitter Breakdown Voltage Ic = 100mA, Ree = 102, See Note S 
ViBRIEBO Emitter-Base Breakdown Voltage te =0.1mA, Ic=0 


Vog-60V, le=0 [OT 
f 
IcB0 Collector Cutoff Current Vop760V, te=0, To= 150°C [CSO | 


lEBO Emitter Cutoff Current Veg=5V, Ic=0 


h Static Forward C Transfer Rati Voce = vents 
FE tatic Forward Current Transfer Ratio Vop= 10V, 1¢= 160 mA, See Nowe 5 go 200 | 


VBE Base-Emitter Voltage Ig=15mA, Ic¢=150mA, SeeNoteS [| 1.2 | 
VoElsat) _Collector-Emitter Saturation Voltage Ip=15mA, I¢=150mA, SeeNoteS | 0.9 | 


i Smalt-Signal Common-E mitter Vee =10V, lo=5mA f= 1 kHz 50 278 
is Forward Current Transfer Ratio ce yc ; 


Smait-Signal Common-Emitter 


h Voge =10V, Ic =50mA, f= 20 MHz 
Intel Forward Current Transfer Ratio cE Cc 


Vee T10V,ig= 0A, Seonow | 100 | 
Cobo Common-Base Open-Circuit Output Capacitance Vep=10V, le =0, f=1MHz { 18] 
Cibo Common-Base Open-Circuit Input Capacitance Vep70.5V, Ic=0, f= 1MHz ; 80] 


NOTES: This value applies when the base-emitter diode is open-circuited, 

. This value applies when the base-emitter resistance Rage < 10 92. 

. Derate tinearty to 200°C free-air temperature et the rate of 5.71 mw/c. 

. Derate the 10-watt rating linearly to 200°C case temperature at the rate of 57.1 mW/C. Derate the 5-watt (JEDEC registered) 
rating linearly to 200°C case temperature at the rate of 28.6 mw/*c. 

5. These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 

6. To obtain fy, the He] response with frequency Is extrapolated at the rate of -—6 d8 per octave from f = 20 MHz to the frequency 


at which fn¢g/* 1. 


PoONnN= 


*JEDEC registered value, This data sheet contains all applicable registered data In effect at the time of publication. 
T These values are guaranteed by Texas Instruments in addition to the JEDEC registered values which are also shown. USES CHIP N23 


4112 TEXAS, INSTRUMENTS 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


TYPE 2N2270 
N-P-N SILICON TRANSISTOR 


*thermal characteristics 


PARAMETER «MX TUN 


Reuc Junction-to-Case Thermal Resistance | 38]. ae 
ReJa Junction-to-Free-Air Thermal Resistance | 178 | 


*operating characteristics at 26°C case temperature 
VC PARAMETER COdESSSSCSTEST.CONDITIONS ___| MIN MAX UNIT] 
f= t kHz 


*switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS | MIN MAX [UNIT 
eek es [See Figure i 0 oe | 


PARAMETER MEASUREMENT INFORMATION 


WAVEFORM 
AT POINT A 


10% 
+20V gaa te 


OUTPUT 90% 
WAVEFORM 


jo 15 ns ey and 8) 
’ 


| t 
ton o — toff—e! = tT = ton + toff 
FIGURE 1-SWITCHING TIME MEASUREMENT CIRCUIT 


NOTES: 7. The input wavetorm is supplied by a mercury retay pulse generator with the following characteristics: tp < 1 ns, t¢ < 1 ns, 


tw = 18 8, Zour = 50 2, Adjust R14 and the input puise amplitude to obtain the specified voltage levels at Point A, 
8. Waveforms are monitored on a sampling oscilloscope (t, © 0.4 ns) using a 2-kS2 probe. 


*JEDEC registered data 


a SE SATE 


PRINTED IN U.S.A. 


TH connot assume any responsibility for any circuits shown TEXAS, INSTRUM ENTS 


or represent that they are free trom patent infringement. 
POST OFFICE BOX $012 « DALLAS, TEXAS 75222 


IN ORDER ¥0 IMPROVE DESIGN AND TO SUPPLY THE SEST PRODUCT POSSIBLE. 


4-113 


TYPE 2N2303 
P-N-P SILICON TRANSISTOR 


BULLETIN NO. DL-S 669766, DECEMBER 1966 


DESIGNED FOR AUDIO AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 


*mechanical data 


THE COLLECTOR IS IW ELECTRICAL 
CONTACT WITH THE CASE 


: ¥ ¢ y 0.045 
csmatt T . S ALL JEDEC 10-5 DIMENSIONS 
0.100 MIN r . i AND NOTES ARE APPLICABLE, 
DETANS OF OUTLINE IN . 
THIS ZONE OPTIONAL x INCHES 
SPECIFIED 


*absolute maximum ratings at 25°C free-air temperature (uniess otherwise noted) 


Collector-Base Voltage. . . gh, eae 

Collector-Emitter Voltage (See Note 1) 

Collector-Emitter Voltage (See Note 2) 

Emitter-Base Voltage a, xe Se 

Continuous Collector Current . - 

Continuous Device Dissipation at (or below) 25°C Free-Air Tenneratire (See Note 3) 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 4) 
Storage Temperature Range . . . - oo <6 


NOTES: 1. This value applies when the base-emitter resistence Re <0. 
2. This value applies when the bose-emitter diede is open-circulted. 
3. Derate linearly to 175°C free-air temperature at the rate of 4 mW/deg. 
4. Derate linearly to 175°C case temperature ot the rate of 13.3 mW/deg. 


“Indicates JEDEC registered deta. 


-50 V 
-50 V 
-35 V 

. SV 
—500 mA 
0.6 W 
2W 


-65°C to 200°C 


USES CHIP P20 


a a 
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TYPE 2N2303 


P-N-P SILICON TRANSISTOR 
LL a Sr SS SSS US ef RNG 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Small-Signal Common-Emitter me ee = 
i Forward Current Transfer Rotio Vor = IOV, Io = —S0 mA, f = 20 Mitz 


Cig addy emis Vos =-10¥, le = 0, f= 140 kitz 
ra Common-Base Open-Circuit 
ibe Input Capacitance 


WOTE 5: These parameters must be measured using pulse techniques. tp = 200 pus, duty cycle < 1%. 


*indicates JEDEC registered data 


TEST CONDITIONS [ MIN MAX [UNIT] 

| le ==100pA =O CT oC 

Vinniceo _Collector-Emitter Breakdown Voltage | Ic = —100mA, lh= 0 Seo NoteS | 35 SVC 

Vionicen__Collector-Emitter Breakdown Voltage | Ic = —100mA, Rc = 100, SeeNoteS | 50 | V ‘| 

Vieajeso _Emitter-Base Breakdown Voltage le = —100 pA, Ic = 0 nin 

=—0¥, k= oe 

Se ee eee eee 

| texo Emitter Cutoff Curent | Vee = -2¥, Ico=0 dT S100 

Cl -ee 

Transfer Ratio | Voe==10¥, tc =~-150mA, Seo Note 5 | 75 200 | | 

Vee Base-Emitter Voltage Ip =—I5mA, Ic =~150mA, SeeNoteS | | -13 | V | 

Collector-Emitter Saturation Voltoge | ls =—I5 mA, Ic =—150mA, SeeNoteS | | 15 | V | 

his Small-Signal Common-Base Ves =-5V, tc =-ImA, f= 1k | 25 395 [| 

} Input Impedance Vee = -10V, Ic =-SmA, f= 1k [| 1 [0 | 

hy -—«Small-Signal Common-Emitter. = |_Vee=~SV, Ic =-ImA, f=1kie [ 75 300 | | 

Forward Current Transfer Ratio Voe=-0V, Ic=-SmA, f= lke | 75 | | 

Reverse Voltage Transfer Ratio [bx 10] 

ts seman a7 
Output Admittance 


Sei 


LS eS TTS i 
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TYPES 2N2386, 2N2386A 
P-CHANNEL JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. OL-S 6810916, SEPTEMBER 1968 


AUDIO- TO HIGH-FREQUENCY SMALL-SIGNAL AMPLIFIERS 
2N2386A offers the following improvements 
resulting from process innovation: 

e lys,| Min Raised from 1 mmho to 2.2 mmho 
e C,, Max Lowered from 50 pF to 10 pF 


*mechanical data 


THE GATE US IN ELECTRICAL 
CONTACT WITH THE CASE. 


ALL JEDEC TO-5 DIMENSIONS 


AND NOTES ARE APPLICABLE. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Continuous Forward Gate Current. 2. 6 6 6 6 ee ee ete ~10 mA 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) . . - - 0.5 W 


Continuous Device Dissipation at (or below) 25°C Cuse Temperature (See Note 2) . . - - - 15 W 
. Storage Temperature Range - © 6 ee ee et te ts 65°C to 200°C 
Lead Temperature % Inch from Case for 10 Seconds. © - - ee ee ee ttt 300°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


y Drain-Gote Breakdown Voltage 
(RIDGO (See Note 3) 


TEST CONDITIONS 


\p = —10 BA, Is =90 


Ves =10 Y, Vos =0 
less Gate Reverse Current Ves = 10V, Vos = 0, Ta = 100°C 
: Drain Cutoff Current Vos = —12.V, Vos = 8V 
loss Zero-Gate-Voltage Drain Current} Vps = —10V, Vos = 0 

val Small-Signal Common-Source 
is Input Admittance 


Smafl-Signal Co So 
Iva) Forward Transfer Admittance | Vos = —10¥V, Ves = 0, f= V kz 


Cee ttc et | Ys = 10, Ves = 0, f= 0.1 Miz to 1 MA | at 


Vos = —10V, Ves = 0, f = 1 kHz 


WOTES: 1. Derate linearly to 175°C free-air temperature at the rote of 3.3 mW/deg. 
2. Derate linearly to 175°C case temperature at the rate of 10 mW/deg. 
3. This porometer corresponds closely to Vinpypss (the Drain-Source Breakdown Voltage for Veg == 0). Vieryosv (the Drain-Source Breakdown 
Voltage fer other values ef Vig) may be calculated from: [Vigaingv| = [Yarjpeo! — {es!- 


*Indicetes JEDEC registered data 


USES CHIP JP71 
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TYPES 2N2387, 2N2388 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 646026, SEPTEMBER 1964 


FOR EXTREMELY LOW-LEVEL, LOW-NOISE, 
HIGH-GAIN, AMPLIFIER APPLICATIONS 
Formerly T1420 end Ti 421 
© Guaranteed h,, at 10 ya, Ty= — 55°C and + 25°C 
Guaranteed Low-Noise Characteristics at 10 1a 

Usable at Collector Currents as Low as 1 1a 
Electrically Similar to 2N929 and 2N930 


Compatible Package for Interfacing with 
Integrated Circuits and Thin-Film Modules 


mechanical data 
The transistors are in a hermetically sealed welded package meeting the JEDEC TO-50 outline. 


ALL LEADS INSULATED 


* CASE OUTLINE —- s FROM CASE 


*absolute maximum ratings at 25°C free-air temperature (uniess otherwise noted) 


Collector-Base Voltage . . synod. CRY tas Wa Map? Gomes ca wud aie 4, ten Oe ay ee, RV 
Collector-Emitter Voltage (See Note 1) Mena ee oy oie Bh gods Bou so Bre See bk. CRE 
Emitter-Base Voltage. 2 6 1 6 6 we kk ee ee ee eee Sv 
Collector Current . . . - s+ . . 30ma 
Continuous Device Dissipation a at (oe below) 25°C Free-Air Tenpersiute (See Note ‘9. » « . 300 mw 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3). . . . . . Iw 
Operating Collector Junction LemearoMrey is Pica an Ua Ae Lar be ae eS 2 ee 6 175°C 
Storage Temperature Range . . Se foe ae “Sir Ee eae te Bn "65°C to +200°C 
Lead Temperature \% Inch from Case 46 10 Seconds bee) ce ss Be He eae ob Ho ce args, 2 ZQOMS 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 175°C free-air temperature at the rete of 2 mw/C® 
3. Dorate linearly to 175°C case temperature at the rate of 6.66 mw/C°. 


“Indicates JEDEC registered date. 
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*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


Vierjceo Collector-Emitter Breakdown Voltage | tc = 30ma, |, = 0, See Note 4 
VierjE20 Emitter-Base Breakdown Voltage le = 10nd, Io = 0 
lero Collector Cutoff Current 


\ Collector Cutoff Current 
Vee = 45 “ Vee = 0, la = 170°C 


lcto Collector Cutoff Current 
leno Emitter Cutoff Current 


TEST CONDITIONS 


3 
8 


Vee = 5y, Io — 10 na 
Vee=5v, to = pa, T= —55°C 


hee Static Forward Currant Transfer Ratio 


Vee = Sv, Ie = 500 na 
Vce=5v, Ic =10me, See Note 4 


Voc Base Emitter Voltage I, = 0.5ma, t¢ = 10ma, See Note 4 
Vce{sat) Coltector-Emitter Saturation Voltage ly = 0.5ma, Ic = 10ma, See Note 4 


h Small-Signal Common-Base 
IB Input Impedance 


Small-Signal Common-Base 
Reverse Voltage Transfer Ratio 


hp 
hos Small-Signal Common-Base 


Output Admittance 
h Small-Signal Common-Emitter 
eg Forward Current Transfer Ratio 
Smail-Signal Common-Emifter - a a 
[| Forward Current Transfer Ratio Vee = 58, Ie = 500 ma, f= 50M 


Seve Common-Base Open-Circuit 
Output Capacitance 


*operating characteristics at 25°C free-air temperature 


te Vos = 5y, le = —10y0, Rg = 10k 
ME Average Wolse Figure Noise Bandwidth 10 cps to 15.7 kc 


NOTE: 4, These parameters must be measured using pulse techniques. PW — 300 psec, Duty Cycle <= 2%. 


2N2387 


*Indicates JEDEC registered data. 
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TYPES 2N2389, 2N2390 
N-P-N SILICON TRANSISTORS 


BULLETIN NO, DL-S 646027, OCTOBER 1964 


FOR GENERAL PURPOSE AMPLIFIER AND SWITCHING 
APPLICATIONS 
FROM <0.1 ma to > 150 ma, de to 30 Mc 
Formerly T1424 and T1425 


© Electrically Similar to 2N1613 and 2N1711 


© Compatible Package for Interfacing with 
lategrated Circuits and Thin-Film Modules 


mechonical data 
The transistors are in a hermetically sealed welded package meeting the JEDEC TO-50 outline. 


* ersten pm ee ae ALL LEADS INSULATED 
CASE OUTLINE cual cide 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage. 2. 1 6 6 ee ee ee te ee ee ee ew te ew BY 
Collector-Emitter Voltage (See Note 1). 2 2 6 6 ee ee ee ee ee ee (OY 
Emitter-Base Voltage. 2... 6 6 ee ee tt te et « Tv 
Collector Current 2. 6 6 we ee ee ew ew ew ew we (500 me 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). . . . 450 mw 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3). . . . . . L5w 
Operating Collector Junction Temperature. 2 6 6 6 6 ee ee eee ww we 2 200°C 
Storage Temperature Range . . . . 2 1 ee ee tt et . ~65°C to +200°C 
Lead Temperature Xs inch from Case For 10 Seconds 2 2. 6 ee ew ew ee we 2 230°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Ig = 100 no, Ig 0 
Ig == 100 ma, Ry = 10.0, Seo Note 4 


Vox =10¥, Io == 10 wa 
Vog = 10¥, Io = 100 wo 


WOTES: 1, This value applies when the bese-omitter resistence Rye << 10 02. 3. Derate linearly te 200°C case temperature at the rate of 8.57 mw/C*. 
2, Derate SInoarly te 200°C free-air temperature at the rate of 2.57 mw/C®, 4. These paremetors must be measured using pulse techniques. PW == 300 usec, 
“Indicates JEDEC registered deta, Duty Cycle <= 2%. 
TExAS INSTRUMENTS 4-119 
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TYPES 2N2389, 2N2390 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-alr temperature 


h Small-Signat Common-Base 

ib input Impedance 

h Small-Signal Common-Base 

ad Reverse Voltage Transfer Ratlo 


b Small-Signai Commeon-Base 
cb Output Admittance 


a Small-Signe! Common-Emitter 
bed Forward Current Trenster Ratio 


In | Small-Signet Commen-Emitter 
fe Ferward Current Transfer Ratle 


Commen-Base Open-Circuit 

“obo Output Copecitance | ow | 
¢ Common-Bere Open-Circuit 

tbo Inpet Copacitence 


Vog = 10", Iq = 300 ys, 
Re = 5100, FHI ke 


“switching characteristics at 25°C free-air temperature 


*PARAMETER MEASUREMENT INFORMATION 


9-50 v oO +20¥ 


tly ------+-- ce 
WAVEFORM 
AT POINT A 
oouTPur -lv ~~ 
10% 
| INPUT © +20v ---- 
wacerenl SE 
41By --- 
1N3066 oo Ne dycil. eames aaa Vet eety 


FIGURE 1 — NONSATURATED SWITCHING TIME MEASUREMENT CIRCUIT 


NOTES: a. The Input waveform. Is supplied by o mercury-reley-pulse generator with the following characteristics: 1, <= 1 nsec, ty SS 1 asec, PW=I15 nsec, Adjust RI 
and the Input pulse amplitude to obtain the specified voltage levels at Point A. 


b. Waveforms are monitored on a sempling escifloscepe (1, << 0.4 nsec, C,, Ss | pf using @ 2000 (2 probe. 


Indicates JEDEC registered date (typical data excluded). 
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TYPES 2N2393, 2N2394 
P-N-P SILICON TRANSISTORS 


BULLETIN NO, DL-S 646063, OCTOBER 1964 


FOR GENERAL PURPOSE AMPLIFIER AND SWITCHING 
APPLICATIONS 
Formerly 11428 and T1429 


© Electrically Similar to 2N1131 and 2N1132 


© Compatible Package For Interfacing With Integrated Circuits and 
Thin-Film Modules 


mechanical data 
The transistors are in a hermetically sealed welded package meeting the JEDEC TO-50 outline. 


ALL LEADS INSULATED 


*CASE OUTLINE FROM CASE 


‘absolute maximum ratings at 25°C free-air temperature (uniess otherwise noted) 


Collector-Base Voltage 2 6 2 6 wk ee ee ee ee ke ee OY 
Collector-Emitter Voltage (See Note?) 2. 6 1. eee ke ek ee tk ee —35 v 
Emitter-Base Voltage. 2 6 1 2 we ee ee ee ee ee ee BY 
Collector Current 2 6. . ee ke ee ee eee ee eee 800 ma 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). . . » 450 mw 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3)... . . 1.50 


Operating Collector Junction Temperature . ey odie oe . 175°C 
Storage Temperature Range. «1 1 1 wwe ee ew ew we ws 5S to +200°C 
Lead Temperature % Inch from Case for 10 Seconds» 1. 1 ee we we ee we 280°C 


NOTES: 1, This value eppiies when base-emitter diode Is open-clreulted. 


2. Derate linearly to 175°C free-olr temperature at the rate of 3 mw/C®. 
3, Derate finearly 10 175°C case temperature of the rate of 10 mw/C°, 


“Indicates JEDEC registered data, 
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TYPES 2N2383, 2N2394 
P-N-P SILICON TRANSISTORS 


4-122 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


a corns a ar 


[MIN MAX | MIN” MAX | 
Collector-Emitter a = 
Collector-Emitter et = 
Vos = -30¥, tp = 0 a 
C 
kero _Colncor Cuett Corent We = =v, =O =O 0 a 
| Ikvo Emitter Cutoff Current | Vex = Sv, bc = 0 | 100 | 100 
he Satie Forward Current Vor = —10v, lc=-Sma, SeeNoe4 | 15 +| os +i| +4 
*e Transfer Ratio Veg =—10v, Ic = —150 ma, See Note 4 | 245 | 
Vec__Base-Emitter Voltage ig =—I5ma, Ic = —150ma, Ser Note 4 me 
hi, __Small-Signal Common. [Vos=—Sv, = Imo,  f=tke | 2535 | Pp 2 
Base Input Impedance Ves=—l0v, tp=5Sma,  f=Tke se | es 
hg Small-Signal Common-Base | Vou=—Sv, t= Ima, t=Tk {0 8xto*] 0 axle] 
vere Voge Tranter Ratio [Vex = =10, le = 5ma,t= The] 0 Oxv0"] 0 _exvo7 
hen _SMall-Signal Common- Vos =—Sv, te = 1 ma, Po TT OT ho | 
Base Output Admittance Vos =—l0v, Ip=5ma,  f=Tke | Oo § | 0 5 | pmbo | 
he _Small-Signal Forward [Woe ==5v,  tc=—tma,  f=tk oT 1s 50 | so 
rot Toner Reto Vor ==N0v, le = Sma, fate [mw | 
Smail-Signal Forword ~ = = 
hel Go tentrtane | Yoe= 100, Ke= ame, tate [as || 
Cobo Common-Base Open-Circvit | ot | 
Output Capacitance 
Common-Bose Open-Cirevit = _ he 
Cae ot eran ters =o tate |] et | 


Note 4. These parameters must be measured using pulse techniques. PW == 300 ysec, Duty Cycle < 2%. 


eindicates JEDEC registered data. 


THERMAL CHARACTERISTICS 


DISSIPATION DERATING CURVE 


alte 


tt) 
() 50 36100 «6150 «6200-250 
T, — Free-air Temperature — °C 


P, — Maximum Continuous Device Dissipation — mw 
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TYPES 2N2395, 2N2396 
N-P-N SILICON TRANSISTORS 


BULLETIN NO, DL-S 646083, OCTOBER 1964 


FOR GENERAL PURPOSE 
AMPLIFIER AND SWITCHING APPLICATIONS 
Formerly T1432, TI 433 


e Electrically Similar To 2N696 and 2N697 


© Compatible Package For Interfacing with 
Integrated Circuits and Thin-Film Modules 


mechanical data 


These transistors are in a hermetically sealed welded package meeting the JEDEC TO-50 outline. 


* CASE OUTLINE ALL LEADS INSULATED 


FROM CASE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage 2. 2 6. 1. ee ee ee ee ee ee ew we BOY 


Collector-Emitter Voltage (See Note 1) 2. 2. 6 2 6 6 6 ee ee ee te es 40v 
Emitter-Base Voltage . 2. 6 6 6 eee et te ew ew 5v 
Collector Current 2 6 6 ee ee ee ee ee ee + 6 800me 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). . . - 450mw 


Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) He ele ee OT 
Operating Collector Junction Temperature. 2 6 6 6 ee ee ee ts 200°C 
Storage Temperature Range... 1 wee ww +o OBC to +200°C 
Lead Temperature % Inch from Case for 10 Seconds . . «© «1 6 6 6 ee ee ee 230°C 


NOTES: 1, This value applies when base-emitter diode is open-circuited. 
2. Derate linearly to 200°C free-air temperature at the rate of 2.57 mw/C°, 
3. Derate linearly to 200°C case temperature at the rate of 8.57 mw/C°. 


+ Indicates JEDEC registered dato. 
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TYPES 2N2395, 2N2396 
N-P-N SILICON TRANSISTORS 


SR a AIT A EE BO I TT TL 


4-124 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


F [_2N2395__|_2N2396__| 
PARAMETER TEST CONDITIONS 


Collector-Base = 
Vimicso Breakdown Voltoge le Wee Be 


lector-Emitter 
ee eee 
| TO 
ee es 


Collector Cutoff [Va=%0v, =O 


Icto Current Vos = 30v, k=O, Ta = 150°C 


Tao Enter Goll Gent | Ves =Sv, le =0 


h Static Forward Vee = 10v, Ic = 150ma, See Note 4 20 60 40 «(120 
- Current Transfer Ratio Vee = 10¥, tc = 150ma, Ts =—55°C, See Note 4] 10 20 
Voc Base-Emitter Voltage ls=15ma, Ic = 150-ma, See Note 4 06 8613 06 13 


Collector-Emitte 
Veet’ setyation Voltage In=15mo, Ic = 150ma, See Note 4 


Cobo Common-Base Open- 
Circuit Output Capacitance 


WOTE 4. These paremeters must be measured wsing pulse techniques. PW —= 300 sec, Duty Cycle =% 


THERMAL CHARACTERISTICS 


DISSIPATION DERATING CURVE 


8 8 8 8 8 


P; — Maximum Continuous Device Dissipation — mw 


°o 
o 


50 100 150 200 250 
Ta — Free-air Temperature — °C 


“Indicates JEBEC registered dota. 
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TYPES 2N2432, 2N2432A, 2N4138 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. OL-S 689079, OCTOBER 1966—REVISED JANUARY 1968 


FOR LOW-LEVEL, HIGH-SPEED CHOPPER APPLICATIONS IN INVERTED CONNECTION 


e Low Offset Voltage ...0.4 mV Max (2N2432A) 
@ Low I.q...2 nA Max 
© High Rated Vico for inverted Connection 


ALSO USEFUL FOR LOW-LEVEL AMPLIFIER APPLICATIONS 
e hype... 30 Min at 10,A 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


teans 2.019 aya. 
: ‘0.0167 


2N2432 AND 2N2432A 


ALL JEDEC 10-18 DIMENSIONS ALL SEDEC 10-46 DIMENSIONS 
AND NOTES ARE APPLICABLE. AND WOTES ARE APPLICABLE. 


ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 


TTI guaranteed minimum. The JEDEC registered minimum lead diameter for the T0-46 is 0.012. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N2432 2N2432A 
2N4138 


Collector-Base Voltage . . a te We Tele ee ete ot Gera oe, TIOM ABV 
Collector-Emitter Voltage (See Note 1) Or as ek olen ceo Sa Se « 3OV 45 
Emitter-Collector Voltage (See Note 2) . . . . - «© © © «© © © » « © ~ TSV 18V 
Emitter-Base Voltage . 2. 6. 1. 6 1 ee ee ee ee ee we ww ee «SV BY 
Continuous Collector Current . . 2 oe e100 mA —> 


Continuous Device Dissipation at (or baie) 25°C Free-Air Terapatclure (See Note 3)-<—300 mw —>- 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 4) ~<—-600 mW ——> 
Storage Temperature Range. . . Bh os wee we ew we 6 MO5PC to 200°C 

Lead Temperature %s inch from Case for 10 Seconds . eee ee et gw oe SNOPES > 


NOTES: 1. This value applies between 0 and 10 mA collector current when the emitter-base diede is epen-circuited. 
2. This value applies between 0 end 100 A emitter current when the collecter-bose diede is epen-circuited, 
3. Dorate linearly to 175°C free-air temperature at the rate of 2 mW/deg. 
4. Derate linearly te 175°C case temperature at the rate of 4 mW/deg. 


*Indicates JEDEC registered data. 


USES CHIP N18 


Se PI a TS I a IN 


TEXAS, INSTRUM ENTS 
ORPORA 
POST OFFICE cee 5012 « oe TEXAS 75222 


4125 


TYPES 2N2432, 2N2432A, 2N4138 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


Visajcso Collector-Base Breakdown Voltage Ic = 100 vA = 0 
Vierjceo Collector-Emitter Breakdown Voltage {co = 10 mA, ly = 0, See Note 5 


Vierjeco Emitter-Collector Breakdown Voltage 


loso Collector Cutoff Current 


Collector Cutoff Current 


Emitter Cutoff Current 


Emitter Cutoff Current 


Static Forward Current Transfer Ratio Vee = 5V, le = mA 


; Static Forward Current Transfer Ratio Veo = 5V, te =O2mA 


(Inverted Connection) 
Collector-Emitter Saturation Voltage 


= 200 pA, |; = 0, See Figure 1 
lms, ik = 9, See Figure } 
Small-Signal Emitter-Collector l= 1mA, [Ie = 9, I. = 100 pA, 

On-State Resistance f = 1kHz, See Figure 2 
Small-Signal Common-Emitter 
Forward Current Transfer Ratio 
Common-Base Open-Circuit 
Output Capacitance 


Offset Voltage (Inverted Connection) 


Vee = 5Y, = , f= 20 Mz 


f = 140 kz 


f = 1 Miz, 
See Nofe 6 


f = 140 kiz 


Emitter-Base Capacitance es ie ue - 


Collector-Base Capacitance 


Common-Base Open-Circuit 
Input Capacitance 


NOTES: 5. This parameter must be measured using pulse techniques. 'p = 300 ys, duty cycle < 2%. 
6. Coy and C,), are measured using three-terminal measurement techniques with the third electrode (emitter or collector respectively) guarded. 


PARAMETER MEASUREMENT INFORMATION 


See 
Note 
> 
a 
FIGURE 1 FIGURE 2 
MEASUREMENT CIRCUIT FOR EMITTER- 
MEASUREMENT CIRCUIT FOR OFFSET VOLTAGE eonincron ON-STATE Cetievance 


NOTE a: The voltmeter must have high enough impedance that halving the value of the voltmeter impedance does not change the measured value, 
*Indicates JEDEC registered data. 
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TWO TRANSISTORS IN ONE PACKAGE 
RECOMMENDED FOR 


© Differential Amplifiers 
e Low-Level, Low-Noise Audio Amplifiers 
@ Low-Level Flip-Flops 


*mechanical data 


ALL LEADS INSULATED FROM CASE 


Dimensions without tolerance desig- 
nate true position. Leads having maxi- 
mum diameter (0.019) measured in 
gaging plane 0.054" +0.001" -0.000" 
below the seating plane of the device 
shall be within 0.007” of their true 
position relative to a maximum width 


eee reet on 1 

. BASE 1 

. EMITTER 1 

. EMITTER 2 
ALL DIMENSIONS ARE IN INCHES » BASE 2 
UNLESS OTHERWISE SPECIFIED . COLLECTOR 2 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage .. . sine seas 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage suo She ie a oak aes 

Continuous Collector Current... .... 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) 
Continuous Device Dissipation at 100°C Case Temperature wae tv ake 
Operating Collector Junction Temperature P 

Storage Temperature Range . ‘ 

Lead Temperature 1/16 Inch from Case for 10 Séesnde. 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 


TYPE 2N2453 
DUAL N-P-N SILICON TRANSISTOR 


BULLETIN NO. DL-S 7211682, MARCH 1972 


EACH TOTAL 


TRIODE DEVICE 


60 V 

30 V 

7V 

50 mA 
0.2W 03W 
O6W 1.2W 
0.35W 0.7W 

200°C 
—65°C to 200°C 
+— 300°C ——> 


2. Derate tinearly to 200°C free-air temperature at the rates of 1.14 mW/°C for each triode and 1.77 mW/°C for total device. 
3. Derate tineerly to 200°C case temperature at the rates of 3.43 mW/*C for each triode and 6.86 mW/°C for total device. 


*JEDEC registered data. This deta sheet contains all applicable registered data in effect at the time of publication. 
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TYPE 2N2463 
DUAL N-P-N SILICON TRANSISTOR 


“electrical characteristics at 26°C free-air temperature (unless otherwise noted) 
individual triode characteristios (see note 4) 


PARAMETER TEST CONDITIONS | MIN MAX | 


Vipnipo”Colecior Buse Breakdown Volo Migs, e=0 O 
ViBRICEO Collector-Emitter Breakdown Voltage Io=10mA, tg =0, SeeNote6 {| 30 | Vv | 


ViBRIEBO Emitter-Base Breakdown Voltage le=O.1 "A, Io=0 7 
' Collector Cutoff Cu | Veg OV, leeG TT 
sic mea ae Voa=@0V, 1-0, TAR Tere [10a 
SEBO Emitter Cutoff Current Vep™5V, Ig=0 a 


ig= Ona, Voe=5V 30 
Ig=10HA, Voes5V, Tas-65C] 40 | 
hFE Static Forward Current Transfer Ratio PPR ~ va = : X a ete 
los tmA, Vce=5V, Ta=—56°C 
VBE Base-Emitter Voltage Ic¢=6mA, Ip =0.6mA | __ oo | _ Vv | 
VoElsat) Collector-Emitter Saturation Voltage lo=BmA, Ip =0.6mA FTV 


Smatl-Signal Common-Base Input Impedance 


Smailt-Signal Common-Base 
Vcp" » |Ie® " =1kH 
Reverse Voltage Transfer Ratio can Sv Cre SOE 


hip 
rb 
ie 
fe 
re 


h 
h Small-Signal Common-Emitter Input Impedance 
h 


Smail-Signat Common-Emitter 
h Small-Signal Common-Emitter 
Raverse Voltage Transfer Ratio 


hoe Small-Signat Common-Emitter Output Admittance | 6 30 | umho| 
Small-Signal C -Emittel 


VoE=5V, Io=t1mA, f=1kHz 


Forward Current Transfer Ratio 


Cobo Common-Base Open-Circuit Output Capacitance Vog=10V, Ig =0, f = 140 kHz | 8 | 
Cibo Common-Base Open-Circuit Input Capacitance Veg = 0.5 V, Io =0, f=140kHz [10 |p 


triode matching characteristics 


PARAMETER TEST CONDITIONS |MIN MAX | UNIT 
VoE=8V, IcutmA, SeeNotwes | 09 1 || 


Voce=5V, I¢=1mA, See Note 6, 0.85 1 
Ta = —8B°C to 128°C : 


Static Forward-Current-Gain Balance Ratio 


Vee=5V, ics 10uA pm 
Mee1—Vee2| —_Bese-Emmitter-Voltage Differential VeE@8V, Ig=i mA 8 | mv | 


(* “pei-Vee2| Base-E mitter-Voltage-Differential Vce=6V, Io= 10uA, ure 
ATA Temperature Gradient AT, = [26°C—(—68°)} and [128°C—25°C] 


*operating characteristics at 26°C free-air temperature 


individual triode characteristics (see note 4) 


PARAMETER TEST CONDITIONS !MIN MAX | UNIT | 


F Spot Nolse Figure f= tke 


NOTES: 4, The terminals of the triode not under test are open-circulted for the measurement of these characteristics. 
5. Thie parameters must be measured using pulse techneques, ty = 300 us, duty cycle < 2%, 
6. The lower of the two hee readings ls taken os heey. 


"JEDEC registered deta 
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TYPES 2N2483, 2N2484 
N-P-N SILICON TRANSISTORS 


BULLETIN NO, DL-8 6710300, SEPTEMBER 1967 


FOR LOW-LEVEL, LOW-NOISE, 
HIGH-GAIN, AMPLIFIER APPLICATIONS 
© Guaranteed Low-Noise Characteristics 
at 100 Hz, 1 kHz, and 10 kHz 
e High V isaycxo 60 V Min 
e D-C Beta Guaranteed at I, = 1 A (2N2484) 


*mecheanical data 


THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE 


ALL JEDEC 10-18 DIMENSIONS 
AND WOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-alr temperature (unless otherwise noted) 


Collector-Base Voltage «1 6 6 1 ew ee ew et we hw te ew tll ew COV 
Collector-Emitter Voltage (See Note 1). 2 2 1 6 ee ew ee te tt . . OV 
Emitter-Base Voltage 2. 6 6 8 ee ee tt ew tl ee . 6V 
Continuous Collector Current 6 6 6 ee ee ew ee et te we ew ww ew SOMA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) . . . . 0.36W 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . . . . . 12W 
Continuous Device Dissipation at 100°C Case Temperature © 6 6 6 we ee et ee + O68 W 
Storage Temperature Range. 6 68 ee ee tt te ee OBE to 200°C 
Lead Temperature % Inch from Case for 10 Seconds . 2 1 2 1 ee eee te tw + BOOM 


NOTES: 1, This value applies whon the bese-omitter dieds Is epen-circuited. 
2. Derate linearly te 200°C free-air fempersture at the rate of 2.06 mW/deg. 
2. Derate Hnearly te 200°C case temperature at the rate of 6.85 mW/deg. 


*tadicater JEDEC registered dete 


USES CHIP N11 


TEXAS INSTRUMENTS 4-129 


INCORPORATED 
POST OFFICE BOX S018 + DALLAS, TEXAS 75282 


TYPES 2N2483, 2N2484 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Static Forward Current 
Transfer Ratio 


Vc___Base-Emitter Voltage [| Nor =5¥, le=100pA | 


Collector-Emitter 
Vesta! Sqturation Voltage In = 100 pA, Ie = mA 


h Small-Signal Common-Emitter fis 3 | ao | 
ie Input Impedance 

Small-Signal Common-Emitter 
hie Forward Current Transfer Ratio bad AMM || 88 chad = 
. Small-Signal Common-Emitter si x 
re Reverse Voltage Transfer Ratio - 
h Small-Signal Common-Emitter 
oe Output Admittance 

| 


Vor = 5V, Jo = 10 mh, Seo Noted | ~C=iS OO | 


Small-Signal Common-Emitter Voge = 5V, Ico = 50 mA, f = 5 MHz 


Ihre Forward Current Transfer Ratio [V¥, = 5V, Ic = 500 pA, f = 30 MHz 
Common-Base Open-Circuit 

Cobo Output Capacitance 

Coe oats | Va = O5N, to =0, 1 M0 


*operating characteristics at 25°C free-air temperature 


Va =5V, Ilo=10pA, Ro = 10 kQ, 
f = 100 Hz, Nolse Bandwidth = 20 Hz 
Vee = 5V, Io = 10 pA, Re = 10 kQ, 

NF Spot Holse Figure f= 1 kiiz, Noise Bandwidth = 200 Hz 
Vee = 5V, lo = 10 pA, Re = 10 kQ, 
f = 10 kHz, Noise Bandwidth = 2 kiz 


WOTES: 4. These parameters must be measured using pulse techniques. = 300 us, duty cycle < 1%. 
5. Average Noise Figure fs measured in an amplifier with response down $ dB at 10 Hz ond 10 kHz and @ high-frequency refloft of & dB/octeve. 


*Indicetes JEDEC registered data 


| _2N2484 
| MAX i 
Vor = 5V, Io = 10 pA, Re = 10 kQ, 
NF —_ Average Noise Figure Nolse Bondwidth = 15.7 kHz, See Note 5 


PRINTED IN U.S.A. 
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TYPES 2N2497 THRU 2N2500 
P-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. DL-S 683519, MAY 1963—REVISED MAY 1968 


FOR SMALL-SIGNAL, LOW-NOISE APPLICATIONS 


© Guaranteed 10 cps Noise Figure (2N2500) 
© High Input Impedance (>5 megohms at 1 ke) 


*mechanical data 


THE GATE IS JN ELECTRICAL 
CONTACT WITH THE CASE 


ALt JEDEC 10-5 DIMENSIONS 
AND NOTES ARE APPLICABLE 


1—SOURCE 2—GATE 
3— DRAIN 


ALL DIMENSIONS ARE IN INCHES 
UNLESS OTHERWISE SPECIFIED 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Continuous Forward Gate Current. . . 2 2 0-7 ee ee eee ee ee ee TO me 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) . ‘ . O5w 
Total Device Dissipation at (or below) 25°C Case Temperature (See Note 2). . . . . . 5w 
Storage Temperature Range . 2. 2 1 6 6 ee ee ee ee ew «19S to + 200°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


v Drain-Gote Breakdown 1 = —10 =o 

(RIDGO — Voltage (See Note 3) ame at ce i Sead 
less Gate Cutoff Current Vos = 0, Yps = 0 

Yps = 9 

Ty = 150°C 
loss Zero-Gate-Voltoge Drain Current Yps = —10¥, Veg = 0 
lotorn Pinch-Off Drain Current Yps = — 15 ¥, Veg: See Note 4 


los Static Drain-Source Resistance Vos = 0 


less Gate Cutoff Current Yes = 10 v, 


Wel Small-Signal Common-Source 

Vis! Input Admittance 

| Small-Signal Common-Source 

"4s Forward Transfer Admittance 
Smatl-Signal Common-Source 

Weal Reverse Transfer Admittance 


| | Small-Signal Common-Source 
Vos Output Admittance 


Ive Smalt-Signal Common-Source 
Vs Forward Transfer Admittance 


Common-Source Short-Circvit 
Input Capacitance 


Ypg = —S¥, Ip = —l mo 
folk, Rg = 1M 
Yps = —5¥. I = —1 mo 
£ = 10 cps, R = 10 MO 


NE Spot Noise Figure 


NOTES: 1. Derate linearly to 175°C free-air temperature at 

the rate of 3.3 mw/°C. 

2. Derate linearly to 175°C case temperature st the 
rate of 10 mw/°C. 

3. This parameter corresponds closely to ViBR)DSS 
(the Drain-Source Breakdown Voltage for 
Ves=9). Vigrjosv (the Drain-Source Break- 
down Voltage for other values of Vgs) may be 
calculated from: 


2N2497 | 2N24968 | 2N2499 | 2N2500 | 


*indicates JEDEC registered data. 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N2537 THRU 2N2540 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 694130, AUGUST 1963—REVISED JANUARY 1969 


DESIGNED FOR MEDIUM-POWER SWITCHING 
AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 
e Total Switching Time . . . 80 nsec max at 150 ma 
@ High fT... 250 Mc min at 20 v, 20 ma 
e hfe Guaranteed from 1 ma to 500 ma 


*mechanical data 


Device types 2N2537 and 2N2538 are in JEDEC TO-5 packages. 
Device types 2N2539 ond 2N2540 are in JEDEC TO-18 packages. 


THE COLLECTOR #S I ELECTRICAL CONTACT WITH THE CASE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N2537 2N2539 

2N2538 2N2540 
Collector-Base Voltage BSS, theta el Sn eo Miss Fe 60v Ov 
Collector-Emitter Voltage (See Note 1). ao Mee ae al eee ne A 8 a ae CAO 40v 
Collector-Emitter Voltage (See Note 2). . . . 2. 2. 1. 6 © ew we ew ee 80V 30v 
Emitter-Base Voltage . ais sadgows te? le 5v 5v 
Collector Current . 7 : 08a 0.80 
Total Device Dissipation at (or below) 25°C Free-Air Témmarature (See Notes 3 and 4) 0.8 w 0.5w 
Total Device Dissipation at (or below) 25°C Case Temperature (See Notes 5and 6). 3w 1.87 


Storage Temperature Range — 65°C to + 200°C 


WOTES: 1. This valve applies when the base-emitter resistance (Rye) is equal to or less then 10 ohms. 
2. This value applies when the base-emitter diode is open-circulted. 
3. Derete 2N2537 and 22538 linearly te 200°C free-air temperature at the rate of 4.57 mw/C°. 
4, Derate 2N2539 and 2N2540 linearly te 200°C free-air temperature at the rate of 2.86 mw/C°. 
5. Dorate 2N2537 ond 2N2538 linearly te 200°C case temperature ut the rate of 17.2 mw/C°. 
&. Derate 2N2539 end 2N2540 linearly to 200°C cose temperature at the rate of 10.3 mw/C°. 


“Indicates JEDEC registered data 


USES CHIP N19 


4-132 TEXAS, INSTRUMENTS 
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TYPES 2N2537 THRU 2N2540 . 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


Viericeo Collector-Emitter Breakdewn Voltage Ig = 100 ma, I, = 0, {See Note 7) 


eee Ce 
$ 

250 

200 

250 


TEST CONDITIONS 


ie BREE 


~ 
S$ 


leso Collector Cutoff Current 


Vog = vy, = 0, Ty = 150°C 


: 
a 


Coltector Cutoff Current Vog = Mv, Veg = 0.20 


loex 


- 
pele 


fee Static Ferward Current Transter Ratio Vog = WW, ig = 150 me, {See Note 7) 50 130 


Ig = 500 ma, (See Mote 7) 


Ig = 150 ma 


8 
Zis 
g 3/2 


Ig = 150 ma, (See Note 7) 


Ig = 50ma, I = 500ma, {See Note 7) 


lg = 150ma, (See Note 7) 
fg = 50ma, Io = 500 ma, (See Note 7) 


[he Smatl-Signal Common-Emitter _ oe -_ 
Forward Current Transfer Retio Veg = Mv, Ie = Wma, f = 100 me 

Cob Common-Base Open-Circuit 
Output Capacitance 


Gb Common-Base Open-Circuit 
Inpvt Capacitance 


NOTE 7: These paremeters must be measured using pulse techniques. PW < 300 usec, Duty Cycle <= 2%. 


*tndicates JEDEC registered dato 
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TEXAS INSTRUMENTS 4-133 


INCORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


TYPES 2N2537 THRU 2N2540 
N-P-N SILICON TRANSISTORS 


*switching characteristics at 25°C free-air temperature 


PARAMETER 


ton  Turn-on Time 


TEST CONDITIONS 


le = 150.mo, lay = 15 ma, Inj) = —15 ma 
fort Tum-oft Time Vectoth =-ly, Voc = 7, (See Figure 1) 


be = Igy = — lay = 20m, (See Figure 2) 
Q; Total Control Charge Io = 150 ma, Inu = 15 ma, (See Figure 3) 
T, Active-Region Time Constant | Voc = 15.2 v, Ic = 150-ma, Ini) = 15 ma, (See Figure 4) 


PARAMETER MEASUREMENT INFORMATION 


Adjust Vom for Adjust Ri for 
Veetott)= -1v Ie = 150ma 


+7y +H5v—- os 

0 -- t ---+---- POINT "A" 
+ | R -i5v—Sj t 

7 (— ourur TV Pe 

0.1 pf \ 1) OUTPUT 

INPUT 1 90%— 


= _ (See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


Dv 


*FIGURE 1 — TURN-ON AND TURN-OFF TIMES 


id == 10% 
! INPUT 
i 

Ive 
ra 

(-w—o ourrur ' 
OUTPUT 
1 f—-— 0% 


to4 
' 4 

> i 
= (See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


(NPUT 


*FIGURE 2 — STORAGE TIME 


*Indicates JEDEC registered date 
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4-134 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 - DALLAS, TEXAS 75222 


TYPES 2N2537 THRU 2N2540 
N-P-N SILICON TRANSISTORS 
PARAMETER MEASUREMENT INFORMATION 


——— +5.7 v (approx.) 
POINT “A" 
(INPUT) 


(°) 
OUTPUT 


333. Q 


J— 90% 
H | 

1009 , Hg RELAY Ht he 

= = id (See Notes a and b) 

TEST CIRCUIT VOLTAGE WAVEFORMS 
Note: Q, S$ 750 peb when V, S 50 mv ond ty S 10 nsec. 
* FIGURE 3 — TOTAL CONTROL CHARGE 
+8.3 v -——=2 a 
as INPUT 
0 
OUTPUT 10% 
| OUTPUT 
INPUT 1 | 
— , | aed 


(See Notes a and b) 
TEST CiRCUIT 


VOLTAGE WAVEFORMS 
Note: In this circuit, 


*FIGURE 4 — ACTIVE-REGION TIME CONSTANT 


WOTE a: The input wavelerms cre supplied by generators with the fellowing 
characteristics: 


NOTE b: Waveforms ore monitered on oscillescopes with the following 
cheracteristics: 


“Indicates JEDEC registered data. 
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TYPE 2N2586 
N-P-N SILICON TRANSISTOR 


BULLETIN NO. DL-S 662987, AUGUST 1962—REVISED SEPTEMBER 1965 


FOR EXTREMELY LOW-LEVEL, 
LOW-NOISE, AMPLIFIER APPLICATIONS 


@ Guaranteed Very-Low-Current hfe ...80 min at 1 nA 
© Guaranteed Low-Temperature hfe ... 40 min at 10 nA, —65°C 
© Complete Noise Characterization at 1 uA and 10 uA 


*mechanical data 


THE COLLECTOR 1$ SW ELECTRICAL 
CONTACT WITH THE CASE 


ALL SEDEC 10-16 DIMENSIONS 
| AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . he te eee SS Se Ai ek Siete BOY 
Collector-Emitter Voltage (See Note », ain WNL “Ws ee Si eae) SR ETS . 45 
Emitter-Base Voltage . . . . Bi in SE gl eet a eS BERRA Ww nar ee ee 6v 
Collector Current . . . . oe ee 6 68Ome 
Total Device Dissipation at (or below) 25°C Free-Alr Temperature (See Note 2. oe + 6 O8W 
Total Device Dissipation at (or below) 25°C Case aicmnaels 6g Note ms soe ee ee 2 OW 
Operating Collector Junction Temperature. . . oer ee , 175°C 
Storage Temperature Range . 1. 1 1 1 1 et tee tt et — 65°C: to 4 200°C 


NOTES, 1, This value eppiies when the emittor-bese diode Is open-circulted. 
2, Derate linearly te 175°C free-air temperature at the rate of 2.0 mw/C®. 
3, Derate linearly te 175°C cose temperature at the rate of 4.0 mw/C®. 
4, These peremeters must be measured using pulse techniques, PW == 300 psec, Duty Cycle <S 2%. 


“Indicates JEDEC registered data 


USES CHIP N14 
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4-136 TEXAS, INSTRUMENTS 


CORPORATE 
POST OFFICE oe BOId err TEXAS 78222 


TYPES 2N2586 
N-P-N SILICON TRANSISTOR 


*electrical characteristics cee ee 25°C free-air temperature (uniess otherwise noted) 

TEST CONDITIONS MIN MAX | UNIT | 
ac area [esi es 
Yao Coane Reckowe Votes [le =T0me h=Ofemed | 6 |» | 
La mnen Me (WeNBiCeN = [ee a] 
Mero terri daa =e StS 
[etree ita sy =O] | 

[Voa=45v Ve=0 | 
ne Vea = 48, ts =0 t=] 1 | poe | 


Veg = Sy, cain 
Yasin = Woe io | 
So Fre Caron Trae [Vex=8v, e= Wom =e] @ | 
SOT 7 ae a 
SE as ea 
a 


oa Collector-Emitter Saturation Voltage = 0.5 ma, = 10 mo 


|hve|  Small-Signal Common-Emitter = = = 
Forward Current Tronster Ratle ree ee 
Cop Common-Base Open-Circuit 
Output Capacitance 


*operating characteristics at 25°C free-air temperature 


| __ PARAMETER, | TEST CONDITIONS | MAX | UNIT _| 
Vou = Sv, lo = 10410, Re = 10k0, f=10ke =| 200 | db 
Vou = Sv, lo = 10 pa, Ro = 10k t=the = =[ 30 | db | 
eo eee Yoa=Sve=1pe, Re=INO, fk (20 | & | 
faa Sua tee Sta tote as | 


“Indicates JEOEC registered date 
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TYPES 2N2604, 2N2605 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311966, MARCH 1973 


FOR LOW-LEVEL, LOW-NOISE, HIGH-GAIN AMPLIFIER APPLICATIONS 


e For Complementary Use with 2N929, 2N930, 
2N2483, 2N2484, and 2N2586 


e Guaranteed hrE at 10 2A, —55°C and 25°C 
e Low Noise Characteristics 
e Usable at Collector Currents as Low as 1A 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


ALL JEDEC TO-46 DIMENSIONS AND NOTES ARE APPLICABLE 


TTI guaranteed minimum, The JEDEC registered minimum {esd diameter for the TO-46 is 0.012. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage ww wk -—60 V 
Collector-Emitter Voltage (See Note 1) 6 6 6 ew ee ee -45V 
Emitter-Base Voltage 6 6 0 ww ee ee -6V 
Continuous Collector Current 2. 2 6 1 we ~30 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) ......-.. 400 mw 
Storage Temperature Range wwe —65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10Seconds © 2 1 1 1 1 . 230°C 


NOTES: 1. This value applies between 0 and 10 mA collector current when the base-emitter diode Is open-circulted. 
2. Derate linearly to 200°C free-air temperature at the rate of 2.28 mW/°C. 


*JEDEC registered. This data sheet contains all applicable registered data in effect et the time of publication. USES CHIP P19 
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TYPES 2N2604, 2N2605 
P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


[VieRicao_Collectorase Breakdown Voltage | 1¢=—10nA, Ie =0 
[ViaAiceo Collector Emirier Sreakdown Voltage [1¢=-10mA, Ig=0, ___SeeNow3 —[=4 
[WieRiEBO Emitter Base Breakdown Voltage | 'e=—10uA, ig=O 

Vea=—45V, 1e=0 


Voce =—-45V, Vee =0 
| U Cutoff Ci 
CES Collector Cutoff Current Vee =—45V, Vee <0, Ta= 170°C 


Ves==5V,ie=0 
VcE=—-5V, Ic=~—i10nA 

VcE=-5V, !Iq=-10uA, Ta =—55°C 
VceE=-5V, tce=—500uA 


VcE=-5V, Ic=—10mA, See Note 3 


VBE Base-Emitter Voltage Ip =—0.5mA, tc =—10mA, See Note 3 


VcE(sat)  Collector-Emitter Saturation Voltage ig =—0.5mA, Ic =—10mA, See Note 3 
Small-Signal Common-Base 


UNIT 


a 


it 
8 


Static Forward Current 
Transfer Ratio 


! 
° 
~ 
© 

I 
—) 
~ 

It 
° 
© 


N 
a 
w 
a 


h; 
ib Input Impedance 

h Small-Signal Common-Base 10x 10x 
rb Reverse Voltage Transfer Ratio 107-4 10—4 


Vep=--5V, Ip=1mMA, f= 1 kHz 


Small-Signal Common-Base 
Output Admittance 
Smail-Signal Common-Emitter 
Forward Current Transfer Ratio 


Nob pmho 


g 
+2] 
8 


hfe 


Small-Signal Common-Emitter 


Vee=-5V, Ic =—500uHA, f= 30 MH 
Forward Current Transfer Ratio Ce he ne = 


tel 


Common-Base Open-Circuit 
C. Vep=-5V. ig =0, f=1MHz2 
obo Output Capacitance cB E 


Real Part of Small-Signal 


Vce=-5V, Ic=-1mA, f= 100MH 
Common-Emitter Input Impedance ce c = 


hie(real) 


*operating characteristics at 25°C free-air temperature 


= : 2 Vce=-5V, Ic¢=-10xnA, RG=10kQa, 
A Noise F 
5 Wetene Seyse ree Noise Bandwidth = 15.7 kHz, See Note 4 


NOTES: 3. These parameters must be measured using pulse techniques. tw = 300 us, duty cycle < 2%. 
4. Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency roll-off of 
6 dB/octave, 


*JEODEC registered data 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES A5T2604, A5T2605 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311948, MARCH 1973 


SILECTt TRANSISTORS+ 


FOR LOW-LEVEL, LOW-NOISE, HIGH-GAIN AMPLIFIER APPLICATIONS 


© Minimum hee at 10 nA... 100 (A5T2605) 
e Low Average Noise Figure .. . 3 dB, Max (A5T2605) 
e@ Usable at Collector Currents as Low as 1 uA 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 


MIL-STD-202C, Method 106B. The transistors are insensitive to fight. 


+ 0.002 
0.017 _ 9.991 OIA. 


3 LEAOS 
2- COLLECTOR 


0.500 MIN 


. Lead diameter is not controlled in this area. 

B. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions measured 
in the gaging plane 0.054 below the seating plane of the device retative to a maximum- 
diameter package. 

. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1 ) 

Emitter-Base Voltage 

Continuous Collector Current ‘ 

Continuous Device Dissipation at (or below) 25° c Free- Air Temperature (See Note 2) 
Storage Temperature Range i ae vac S ‘ 

Lead Temperature 1/16 Inch from Cana fot 10 Seconds Ms GS cdtainer cag toe 


NOTES: 1. This vatue applies between 0 and 10 mA collector currant when the base-emitter diode is open-circuited. 


2. Derate linearly to 150°C free-air temperature at the rate of 5 mw/c. 


tTrademark of Texas Instruments 
fu.s. Patent No. 3,439,238 


-—60V 
—45V 
. -6V 
—30 mA 
625 mW 


—65°C to 150°C 


260°C 


USES CHIP P19 


a pF ET ES 


4-140 TEXAS, INSTRUMENTS 


CORPORA 
POST OFFICE eS BO12 « Cae TEXAS 78222 


373 


TYPES A5T2604, AST2605 
P-N-P SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


AS5T2604 
TEST CONDITIONS and wae [ean aa 


t 
So 
o 
5 2 
3 <|< 3 <|< 


ic==T0mA, ig=0, See Now 
[V(aRieBo EmitterBaw Breakdown Vonage [ie=—10ua, tc=0 | 8 dL 8 
ficao Collector Cutoff Current ———~—=«d( Vp = 45 Ve =0 as 
Voce = —46V, Vag" 0 ae ea 

joes Cater curt Curent AES agy verso Taree noo | 0 
fieso __EmitierGutoif Gurrent__—=Ss«dew=8V. ic TL 
Voe==5V,_ic=—10HA [40120 100 300] 

Static Forward Current Transfer Ratio |Vce*—5V, Ic =—500 uA [| 60 =| 150 

VcE=—-5V, Ic¢=—l0mA, SeeNote3 | 350] —_—600 


—0.7 


; 


VBE Base-Emitter Voltage tg=-O.5mA, Ic =-—10mA, See Note 3 —0.7 
VCEsat)  Collector-Emitter Saturation Voltage Ig =—O0.6mA, Ic =—10mA, See Note 3 


Input Impedance 
Reverse Voltage Transfer Ratio 
Vop=—-5V, ip=tmA, f= 1kHz 
h, 


Small-Signal Common-Base 
a Output Admittance 
Smali-Signal Common-Emitter 


h 
fe Forward Current Transfer Ratio 


Small-Signat Common-Emitter 
VcE=~5V, Ic =—500uA, f= 30MH 
hre| Forward Current Transfer Ratio ae . Z ‘ 
Common-Base Open-Circuit 
C Vep=-5V, Ie =0, f= 1MHz 
obe. Output Capacitance ce E 


Real Part of Small-Signal 
paca beter sails Vce=-5V, t¢=—1mA, = 100MHz 
Common-Emitter tnput Impedance 


150 600 


Hie(reat) 


operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 
= Voce =8V, Ig=—10nA, Rg = 10 ka, 
F A Noise Fi 
verege Ne ears Noise Bandwidth = 15.7 kHz, See Note 4 


NOTES: 3. These parameters must be measured using pulse techniques. ty, = 300 ps, duty cycle = 2%. 
4. Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency roll-off of 
6 dB/octave. 
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4141 


TYPES 2N2608, 2N2609 


P-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. DL-S 7011341, AUGUST 1970 


FOR SMALL-SIGNAL, LOW-NOISE APPLICATIONS 
e High Input Impedance 


*mechanical data 


THE GATE (S IN ELECTRICAL CONTACT WITH THE CASE 
3 LEADS 204 DIA 


ALL DIMENSIONS ARE 
IN INCHES UNLESS 


OTHERWISE SPECIFIED 


1 — SOURCE 
4 ALL JEDEC TO-18 DIMENSIONS AND NOTES ARE APPLICABLE 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted} 


Continuous Forward Gate Current . 2. 2 2 6] ee ee ee ee ee —10 mA 
*Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note1) . . .... . . 300mW 
*Storage Temperature Range 2. 6 2 ee ee ee 65°C to 200°C 

Lead Temperature 1/16 Inch from Case for 10Seconds . - 2. ee ee ee ee ee ee ee 300°C 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


2n2608_ | 2N2609 | 
PARAMETER TEST CONDITIONS 
min _MAX| MIN MAX 


*VipR)GSS Gate-Source Breakdown Voltage Ig = 1A, Vps =0 | 30 ~=6{| 30 
IGss Gate Reverse Current Vas=30V, Vos=0 a) 
Ves=5V, Vps=0 a) 

*| R Cc 
ces) - “Eee etre cues Ves=8V. Vog=0._Ta=teve | 10] 20 
*Vasloff) GateSource Cutoff Voltage Vps=-5V. Ip=—1HA p 1 4f 1 4] 


UNIT 
| nA | 
14 
0.9 -4.5] -2  —10 
000| 600 

ee ee 
a ae 


“Ipss Zero-Gate-Voltage Drain Current 


Smali-Signal Drain-Source 


Vps = 0, Vos = 9, =1kH 
On-State Resistance bs Gs=0 ; 


Small-Signal Common-Source 


Vv =-5V, V =0, f = 1 kHz 
Forward Transfer Admittance OS Gs 


Common-Source Short-Circuit 


Vv =-5V, V =1V, f= 140kHz 
input Capacitance _ GS 


operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


Common-Source 


Vps=-5V, Vgs=0, f=1kHz, RG@=1M2Q 


Spot Noise Figure 


NOTE 1: Derate linearly to 175°C free-air temperature at the rate of 2 mw/c, 


*JEDEC registered data. This data sheet contains ali applicable registered data in effect at the time of publication. 
USES CHIP JP71 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N2638 THRU 2N2644 
DUAL N-P-N SILICON TRANSISTORS 


BULLETIN NO. OL-S 7211679, MARCH 1972 


TWO TRANSISTORS IN ONE PACKAGE 
RECOMMENDED FOR 
Differential Amplifiers 
High-Gain, Low-Noise Audio Amplifiers 
Transducer Signal-Conditioner Amplifiers 
Low-Level Flip-Flops 


*mechanical data 


ALL LEADS INSULATED FROM CASE 


Dimensions without tolerance desig- 
Nate true position. Leads having maxi- 
mum diameter (0.019'’} measured in 
gaging plane 0.064" +0.001" -0.000" 
below the seating plane of the device 
shali be within 0.007” of their true 
position relative to a maximum width 
tab. 


» COLLECTOR 1 
. BASE 1 

. EMITTER 

. EMITTER 2 


» BASE 2 
UNLESS OTHERWISE SPECIFIED . COLLECTOR 2 


ALL DIMENSIONS ARE IN INCHES 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


EACH TOTAL 
TRIODE DEVICE 


Collector-Base Voltage .. . Se sake Seay SB ve Beale a Se TA adh SS a Se Saat 45 V 
Collector-Emitter Voltage (See Note 1) _ Behe! oe oti wolay Satoh de toa ai Sao wok ae. fe 45V 
Emitter-Base Voltage 2 6 1 ww ee 5V 
Continuous Collector Current... .......08- Dawes 30 mA 
Continuous Device Dissipation at (or below) 25° c Free-Air Temperature (See Note 2) esse 0.3 W 0.6 W 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note3) .... . 0.6 W 12W 
Storage Temperature Range 2... ee Lee ee ee ee ee) 65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds > Pe BAT ae Se ae? GUY ae hae a ep, = 300°C—> 


NOTES: 1. This value applies when the emitter-base diode is open-circuited. 
2. For each triode derate linearly to 175°C free-air temperature st the rate of 2 mW/°C. 
3. For each triode derate linearly to 175°C case temperature at the rate of 4 mW/*C. 


“JE DEC registered data. This date sheet contains all applicable registered data in effect at the time of publication. 


USES CHIP N11 
Ne ae eal 
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TYPES 2N2639 THRU 2N2644 
DUAL N-P-N SILICON TRANSISTORS 


“electrical characteristics at 25°C free-air tamperature (unless otherwise noted) 


individual triode characteristics (see note 4) 


PARAMETER 


MIN MAX! 
TViBRICEO Collector-Emitter Breakdown Voltage fics 10mA, _ig= 0, SeoNotes | 46 | 45 |v 
lVop=45V, Ieso Yt 
fe merc onon Ret 
| __ 10 | 


N263¢ 


TEST CONDITIONS 


IcEQ Collector Cutoff Current Woe=6V. ipso 


lEBO Emitter Cutoff Current Veg =5V, Io20 
Wee=6V, igs 10ua™ 50 300 | 100_300 | 
Voce = 5V, Ic=10uA,  Ta=-b8C | 10 | 20 | 
Wee=SV.  tg=100uA | 85 tt 

ee eee 


hee Static Forward Current Transfer Ratio 


Vee Base-Emitter Voltage ip * 0.6 mA, Io = 10 mA, 


VcE(sat) _Cotlector-Emitter Saturation Voltage \gp=0.5mA, Io *10mA 


hib Smalt-Signal Common-Base Input tmpedance 


h Smail-Signal Common-Base 
rb Reverse Voltage Transfer Ratio 


hob Smail-Signal Common-Base Output Admittance 
Small-Signal Common-E mitter 
h VceE * 5 V, lo=1mA, f= 1kH 65 600/130 6 
fa Forward Current Transfer Ratio ce=6 c me tee } 6s 600|130 600] | 
enced Clie arate 68 Ps [te [| 
=5V, = f f= MH: 
bel Forward Current Transfer Ratio Vce~6 te 20MNe 
Cobo Common-Basa Open-Circuit Output Capacitance|/Vcpg = 5 V, te =0, f= 1 MHz |] | | 


triode matching characteristics 


2N2639 [| 2N2640 
PARAMETER TEST CONDITIONS 2N2642 | 2N2643 | UNIT 
| MIN MAX[MIN MAX] 
hee1 Static Forward-Current-Gain 
— Vce®5V. Io= 10 KA, See N 0.8 
hr Balance Ratio ce" cng e ehieotad ‘ 


| BE1—VBE2 Base-E mitter-Voltage Differential VcE=5V, Io=10UA FS | tf mv | 


4(Vgce1—VeReg)| Base-Emitter-Voltage-Differential - Voce =5V, Io = 10 uA ure 
aTa Temperature Gradient ST, = (25°C ~ (—56°C)) and [125°C —25°C} 


*operating characteristics at 25°C free-air temperature 


Vcp *58V, je=-1mA, f*1 kHz 


individual triode characteristics (see note 4) 


PARAMETER 
F Average Noise Figure 


TEST CONDITIONS 


TYPES | UNIT 
mc 


Vop*5V, \e = -10 yA, Rg = 10 ka, 
Noise Bandwidth = 15,7 kHz, See Note 7 


NOTES: 4. The terminals of the triode not under test are open-circulted for the measurement of these characteristics. 
8. This parameter must be measured using pulse techniques. ty = 300 us, duty cycle @ 2%, 
6. The lower of the two hee readings is taken ashe. 
7 au Nolae Figure le measured In an amplifier with response down 3 d6 at 10 Hz and 10 KHz and a high-frequency ralloff of 
6 dB/octave, 


*JEDEC registered date 
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4-144 TEXAS INSTRUMENTS 
POST OFFICE BOX 5012 © DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE, 


TYPES 2N2646, 2N2647 
P-N PLANAR SILICON UNIJUNCTION TRANSISTORS 


BULLETIN NO. DL-S 7311959, MARCH 1973 


PLANAR UNIJUNCTION TRANSISTORS SPECIFICALLY CHARACTERIZED 
FOR A WIDE RANGE OF MILITARY AND INDUSTRIAL APPLICATIONS 


@ Planar Process Ensures Low Leakage, Low Drive-Current 
Requirement, and Improved Reliability 


“mechanical data 


Package outline is the same as JEDEC TO-18 except for lead position. All TO-18 registration notes also apply to this 
outline, 


BASE-2 IS IN ELECTRICAL CONTACT WITH THE CASE 


3 Leaps 2-979 pia 


0,030 
MAX 
ALL DIMENSIONS 
ARE IN INCHES 
UNLESS OTHERWISE 


SPECIFIED 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Emitter-—Base-Two Reverse Voitage . 2 6 6 6 6 ee ee eh -30V 
Interbase Voltage (See Note?) 6 6 ww ee 35V 
Continuous Emitter Current 2. 1 1. ee ee ee ee ee ee ee 50 mA 
Peak Emitter Current (See Note2) 2... 6 1 we ee 2A 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note3) ......2.2.. 300 mW 
Storage Temperature Range. 6 ww —65°C to 150°C 
Lead Temperature 1/16 Inch from Case for 10Seconds ... ... . Si ai eet Wye Wines lee Gwe iene UES i 260°C 


NOTES: 1, This rating Is based upon allowable power dissipstion: Vg2g1 = Vrae'Pr- 
2. This value applies for a capecitor discharge through the emitter—base-one diode. Current must fall to 0.74 A within 1.5 ms and 
pulse-repstition rate muat not exceed 10 pps. 
3. Derate linearly to 125°C free-air temperature at the rate of 3 mw/"C. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. USES CHIP U42 
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TEXAS, INSTRUMENTS 4-145 


NCORPORATED 
POST OFFICE BOX 6012 «¢ DALLAS, TEXAS 75222 


TYPES 2N2646, 2N2647 
P-N PLANAR SILICON UNWUNCTION TRANSISTORS 


“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


|__2N2646__ | 2N2647_| 
PARAMETER TEST CONDITIONS Ran mae Ce 


‘BB Static interbase Resistance Ve281"=3V, ie =0 | 4.7 9.1 | 
Interbase Resistance Ve2n1"=3V, Ig = 0, 

“rBB Temperature Coefficient Ta = —58°C to 125°C, See Note 4 

Vazp1= 10V, See Figure 1] 088 0.76 


4.7 «9.1 
lEB20 Emitter Reverse Current Vep2 7 —30V, 1g, *0 Y 12 | 
Ip Peak-Point Emitter Current Ve2p1" 25V | sé 


Base-One Peak Pulse Voltage 


VosB1 


NOTE 4: Temperature coefficient dpgg is determined by the following formula: 
(rag @ 126°C)—(rag @ —65°C) | 100% 
orse [. Tgp @ 25 C | 180% 
To obtain rgg for a given temperature Ta(2), use the following formula: 


rapi2) * Itgg @ 26°C] [1 + (apgg/t00%KT a(2)—28° C1. 


*PARAMETER MEASUREMENT INFORMATION 


n—Intrinsic Standoff Ratio—This parameter is defined by the 
equation: Vo =7Vepgt Ve. where Vr is about 0.67 volts at 28°C 
and decreases with temperature at about 2 millivolts Cc. 


RZ = 10k2 A circuit which may be used to measure 7 is shown in this figure. In 
(Calibrated this circuit, R1, C1, and the unijunction transistor form a relaxation 
Potentios ’ oscillator. The ramainder of the circuit serves as a peak-voltage 


detector with the diode D1 automatically subtracting the voltage 
Ve- To use the circuit, the calibrated potentiometer R3 is adjusted 
to nuil the meter M. The potentiometer is then read directly for 7, 
e.9.,6kQ represents n = 0.6. 


~100V 


D1: Silicon diode with the following characteristics: 
Vp = 0.672 V at lp = 0.5 mA 
IR S2nAatVR=20V. 


FIGURE 1-n TEST CIRCUIT 


EMITTER—BASE-ONE VOLTAGE 
vs 


EMITTER CURRENT 


FIGURE 2—Vog1 TEST CIRCUIT FIGURE 3—GENERAL STATIC EMITTER 
CHARACTERISTIC CURVE 


*JEDEC registered data 
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IW ORDER TO HAPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N2802 THRU 2N2807 
DUAL P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7211680, MARCH 1972 


TWO P-N-P TRANSISTORS !N ONE PACKAGE 


RECOMMENDED FOR 
e Differential Amplifiers 
@ Low-Noise, Low-Level Amplifiers 
@ Low-Level Flip-Flops 
e Complementary Use With 2N2639 Through 2N2644 Dual N-P-N Transistors 
*meachanical data 


ALL LEADS INSULATED FROM CASE 


Dimensions without tolerance desig- 
nate true position. Leads having maxi- 
mum diameter (0.019’’) measured in 
gaging plane 0.054” +0.001” -0.000" 
bdetow the seating plane of the device 
shall be within 0.007” of their true 


position retative to a maximum width 


. COLLECTOR 1 
. BASE 1 
. EMITTER 1 
. EMITTER 2 
8. 


ALL DIMENSIONS ARE IN INCHES . BASE 2 
UNLESS OTHERWISE SPECIFIED . COLLECTOR 2 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


EACH TOTAL 
TRIODE DEVICE 


Collector-Base Voltage 2... 2. 1. ee eee ee crldcas att Wn, cal fase Sloss Tots vor“. 200 —25 V 
Collector-Emitter Voltage (See Note Ug ism Sy seid Se sala, Gan“ je Sand eee Ah. ta Bares cate ee -20V 
Emitter-Base Voltage... 2... eee ee ee ee At! tbe Te, Seg Ns, EB Soe. He —-5V 
Continuous Collector Current 2 2. 6 1 2 ee ee ee » . —30mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) ... 0.25W 0.5 W 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note3) .. .. . 0.5 W TW 
Storage Temperature Range... 2... 0... ee woe eee ee eee) BBS to 200°C 
Lead Temperature 1/16 Inch from Case for 10Seconds ......-...2.. ee. 230°C —e 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. For gach triode derate linearly to 1 78°C free-air temperature at the rate of 1.67 mwW/°C. 
3. For each triode derate linearly to 175°C case temperature at the rate of 3.33 mW/C. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


USES CHIP P19 
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aT EXAS INSTRUM ENTS 4-147 
CORPORATED 


POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES 2N2802 THRU 2N2807 
DUAL P-N-P PLANAR SILICON TRANSISTORS 


*glectrical characteristics at 25°C free-air temperature (unless otherwise noted) 


individual triode characteristics (see note 4) 


PARAMETER 


TEST CONDITIONS 


znzoe 

2N2803 | 2N2806 

2n2804 | 2n2807_|UNIT 
[MIN MAX| 


[MIN | MAX | 


[tee Gator cut cuenta veg Taare | to} of ae] 
lEBO Emitter Cutoff Current Vep=—-5V, Ic=0 | —to[ ———10 na | 
Vee ==8V,_1g==T0aA ee 
Woe ==5V, igs =100nA [20 a0] 40120] 
See 
Woe==8V.ige=ima if oi oY 
fg==tmA,ig=—10mA 07-08-07 -08] V_| 
VcE(sat) _ Collector-Emitter Saturation Voltage Ig=—-1mA, I¢=—-10mA —0.5 —0.5 
A 
his Smail-Signal Common-Base Pare mer eoaviE 12x* 12x ioe 
Reverse Voltage Transfer Ratio i : 10-4 10-4 


hob Smali-Signal Common-Base Output Admittance 


Smalt-Signal Common-E mitter 

Forward Current Transfer Ratio 

h | Smal!-Signal Common-E mitter 
fe Forward Current Transfer Ratio 


Cobo Common-Base Open-Circuit Output Capacitance] Vcp =—5V, IE = 0, f=1 MHz 


triode matching characteristics 


PARAMETER 


h Static Forward-Current-Gain 
TEEI path al ae Vce=—5V, I¢=—100 KA, See Note 6 
hFE2 Balance Ratio 
BE1—VBE2|  Base-Emitter-Voltage Differential Vee =-5V, Ic =—100HA a 


4(Vge1—VBE2)| Base-Emitter-Voltage-Differential VoE=-5V., Ic =—100 pA, 
ATA ATa = (25°C—(—55°C)] and [125°C—25°C] 


Vce=-5V. Ic=-1mA, f= 1 kHz 


hfe 


Vce=-5V, Ig=—-tmA, f= 20MHz 


& 
8 
_ 
| | i 


TEST CONDITIONS 


Temperature Gradient 


be ¢ 
< j|3 = 


*operating characteristics at 25°C free-air temperature 


individual triode characteristics (see note 4) 


PARAMETER 
= z Vep=-5V, Ip=10uA, RG= 10k, 
F A Fi 
Noise Bandwidth = 15.7 kHz, See Note 7 


NOTES: 4, The terminals of the triode not under test are open-circuited for the measurement of these cheracteristics, 
5. This parameter must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
6, The tower of the two hre_ readings is taken as hee 4. 
7. Average Noise Figure is measured in an amplifier with low-frequency response down 3dB at 10Hz and 10 kHz anda 
high-frequency rolloff of 6 dB/octave, 


ALL 
TYPES 


TEST CONDITIONS 


¢ 
< 
4 


*JEDEC registered data 
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TYPES 2N2894, 2N3012 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 645051, AUGUST 1964 


DESIGNED FOR HIGH-SPEED SWITCHING APPLICATIONS 
© Guaranteed Vera) ..- 0.5v Max at 100 ma 


e High f, ... 


*mechanical data 


400 Mc Min 


THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE. 


ALL JEDEC 10-18 DIMENSIONS AND 
NOTES ARE APPLICABLE. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . ab eke Pe ae ea a ee -12v 
Collector-Emitter Voltage (See ‘Note ». Se Sha 8. Saad se Roe a SIZ: 
Emitter-Base Voltage . : a6 See . $V 
Collector Current . Ps —200 ma 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See. Note 2). . 0.36 w 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . 12w 
Operating Collector Junction Temperature. . . - Sg) ce . . 200°C 
Storage Temperature Range . . : 65°C to +200°C 
Lead Temperature % Inch from Case For 60 Seconds . . 300°C 
*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
2N2894 2N3012 
PARAMETER TEST CONDITIONS MIN MAX|MIN MAX UNI 
Viaricro Collector-Bose Breakdown Voltage Ig¢=—10 po, 1p =O -12 2 v 
Vimjceo Collector-Emitter Breakdown Voltage | |¢——l0me, I—g—=0, See Note 4 12 ~12 Y 
lg=aiO ne, Vet =i [=a " 
Vierjeso _Emitter-Base Breakdown Voltage I,=—100 pa, Ip =0 4 -4 v 
lopo _ Collector Cutoff Current Vop=—¥, p= 0, Ty = 125°C -10 | ye 
Collector Cutoff Current Ale Soi ae ea aa | = = 
Vop=—6¥, Ve =O, T, = 85°C po 
Ip Base Current Vope=—bv, Vee =0 no 
Vog=—-O.3¥, Ie =—10 ma, See Note 4 
Vog=-0.5¥, Ig = me, See Note 4 
hee Static Ferward Current Tronsfer Ratio Vog=-! ¥, Ig =—100 ma, See Note 4 
Vop=—0.5¥, I-30 me, 
T,==58°C, See Note 4 
\g==—I ma, to =—10 ma, See Note 4 
tg=—Ima, 1g = —30 ma, See Note 4 


Vee Gase-Emitter Voltage 


Veeisat) Collector-Emitter Saturation Voltage 


Ig=—10 ma, I¢=-100ma, See Note 4 


tg=—I mo, t¢=—l0 ma, See Note 4 0.78 -0.98 
Ig=—3ma, Io=—30ma, _See Note 4 085-12 
1g=—10 ma, I¢=—100 ma, See Note 4 | a7 


NOTES: 1, This value applies between 10 20 and 10 ma cellector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 200°C free-air temperature at the rate of 2.06 mw/C°. 
3. Derate linearly to 200°C case temperatere at the rate of 6.85 mw/C°. 
4. This parameter must be measured using pulse techniques. PW = 300 usec, Duty Cycle = 1%. 


*indicates JEDEC registered data. 


TEXAS INSTRUMENTS 
INCORPORATE 


USES CHIP P11 


4-149 


TYPES 2N2894, 2N3012 
P-N-P SILICON TRANSISTORS 


*electrical characteristics at. 25°C free-air temperature 


2N2894 2N3012 
PA ETER 
[ RAM TEST CONDITIONS MIN MAX|MIN ma UNIT 
Smal!-Signal Common-Emitter a = _ 
Intel Forward Current Transfer Ratio Veg 108, ig S00 may: = 100 Me ’ ‘ 
Common-Base Open-Circvit = — 
Cobo Output Capacitance Yoa=u k=t tied . § rf 


Common-Base Open-Circuit —_ = = 
Gro Input Capacitance Vegp——0.5¥, Io =0, $= M40 ke 6 6 ot 


* switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONSt a ne a 23012 | UNIT 
oq = Tur-On Time oe i Smo, Veetotn =3 60 r) nec 
toe ——«‘Tum-Off Time = Petra: lsd ane ee 9 15 | asec 
4 tVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
*PARAMETER MEASUREMENT INFORMATION 
Ves -2V 
ton Vap=43V 


tote Vag =-4V Fs 0 +6V —— 
100 Q 62 Q | INPUT | 

-7V—— 

! 


OUTPUT 
1 ot 
0.1 pF 
t, t, 
INPUT + ‘on. 'Z a off IL 

kQ 
90% \ 
OUTPUT H 

TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1 — TURN-ON AND TURN-OFF TIMES 


NOTES: a. The input waveforms are supplied by o generator with the following characteristics: 2,4 50 , t, <S I nsec, PW = 200 nsec. 


b. Waveforms are monitored on an oscilloscope with the following characteristics: t, <= I nsec, Rj, => 100 kQ. 


*Indicates JEDEC registered data. 


PRINTED IN U.S.A 373 
Tl cannot assume ony responsibility for any circuits shown 
4-1 50 TEXAS INST RUM ENTS or represent thot they are free from patent infringement. 
NCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPES 2N2904 THRU 2N2907, 2N2904A THRU 2N2907A 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311915, MARCH 1973 


DESIGNED FOR HIGH-SPEED, MEDIUM-POWER SWITCHING 
AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 


¢ High Breakdown Voltage Combined with Very Low Saturation Voltage 
e@ hfe Guaranteed from 100 vA to 500 mA 

e 2N2904, 2N2906 for Complementary Use with 2N2218, 2N2221 

© 2N2905, 2N2907 for Complementary Use with 2N2219, 2N2222 


*mechanical data 


Device types 2N2904, 2N2904A, 2N2905, and 2N2905A are in JEDEC TO-5 packages. 
Device types 2N2906, 2N2906A, 2N2907, and 2N2907A are in JEDEC TO-18 packages. 


THE COLLECTOR 1S IN ELECTRICAL CONTACT WITH THE CASE 


2 cease OSE ota 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Continuous Device Dissipation at (or below) 25 C Free-Air 
Temperature (See Notes 2 and 3) 

Continuous Device Dissipation at (or below) 25 C Case 
Temperature (See Notes 4 and 5) 


1. These values apply between 0 and 100 mA collector current when the base-emitter diode is open-circuited. 

2. Derate 2N2904, 2N2904A, 2N2905, and 2N2905A linearly to 200°C free-air temperature at the rate of 3.43 mw/c. 
3. Derate 2N2906, 2N2906A, 2N2907, and 2N2907A linearly to 200°C free-air temperature at the rate of 2.28 mW/°C. 
4, Derate 2N2904, 2N2904A, 2N2905, and 2N2905A linearly to 200°C case temperature at the rate of 17.3 mW/°C. 

5. Derate 2N2906, 2N2906A, 2N2907, and 2N2907A linearly to 200°C case temperature at the rate of 10.3 mW/°C. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


USES CHIP P20 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 © DALLAS, TEXAS 75222 
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TYPES 2N2904 THRU 2N2907, 2N2804A THRU 2N2807A 
P-N-P SILICON TRANSISTORS 


“electrical characteristics at 26°C free-air temperature (unless otherwise noted) 


fros— | 2nzeoa | anzooaa | 2N2008 | 2N2@08A 
PARAMETER TEST CONDITIONS [TO-18—] 2N2006 {| 2N2Q06A 2N2007. | 2N2007A | UNIT 
P MIN MAX [MIN MAX [MIN MAX | MIN MAX | 


ViBA)cBO Collector-Base 

Breakdown Voltage 
Coliector-Emitter I¢#-10mA, Ig = 0, 
Breakdown Voltage See Note 6 
E 


Io=—-10uA, ie =0 


V(BR)CEO 


mitter-Base 
v Ie=—10uA, I¢=0 
(BRIEBO Breakdown Voltege ea 2 


Vop7—50V, Ie <0 


leBo Collector Cutoff Current} Vog = 50 V, Ie = 0, 
Ta = 160°C 


IBEV Base Cutoff Current 
VoE=-10V, Io * —-100 nA 
Voge —10V, Io=—-10mA 
Voce =-10V, Ilo = —150 mA, 
See Note 6 
VcE=-10V, Ic = —5800 mA, 
See Note 6 
igp=—-15mA, Io = —150 mA, 
See Note 6 
\gp=—-50mA, Ic = —-S00mA, 
See Note 6 
Ip=—15mA, I¢=—150 mA, 
Collector-Emitter See Note 6 
Saturation Voltage tp=-50mA, Ic =—500mA, 
See Note 6 


Static Forward Current 
Transfer Ratio 


Base-Emitter Voltage 


Small-Signal 

Common-Emitter VcE =—20V, I¢ =—50 mA, 
Forward Current f= 100 MHz 
Transfer Ratio 
Common-Base 
Open-Circuit 
Output Capacitance 
Common-Base 
Open-Circuit 

Input Capacitance 


Vop™—-10V, 


NOTE 6: These parameters must be measured using pulse techniques. ty, * 300 us, duty cycle © 2%, 
*JEDEC registered data 


a I LT I Fo I 


4-152 TEXAS, INSTRUMENTS 


NCORPORATED 
| POST OFFICE BOX 5012 © DALLAS, TEXAS 75222 


TYPES 2N2904 THR 


“switching characteristics at 25°C free-air temperature 


U 2N2907, 2N2904A THRU 2N2907A 
P-N-P SILICON TRANSISTORS 


Voc =-30V, Ic =—150 mA, 
VBE(off) = 0, 


Veco" -6V, 
'e(2) = 17 mA, 


lo =—150 mA, 1g(4) "= —13 mA, 
See Figure 2 


t Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


“PARAMETER MEASUREMENT INFORMATION 


-3V 
200 2 
OUTPUT 
1k2Q 
INPUT 
602 
TEST CIRCUIT 
FIGURE 1 
OUTPUT 
INPUT 
TEST CIRCUIT 
FIGURE 2 


NOTES: A. The input waveforms ere supplied by a generator with the following characteristics: Zout *5O0N, te KS 2ns, te <2 ns, 


tw = 200 ns, PAR = 160 Hz. 


8. Waveforms are monitored on an oscilloscope with the foliowing characteristics: t, < 5 ns, Rip, = 10 MQ. 


*JEDEC registered data 


PRINTED IN U.S.A. 
Ti cannot assume any responsibility for any circuits shown 
Or represent thet they are free from potent infringement. 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN QROER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TEXAS, 


POST OFFICE BOX BOLZ © DALLAS, TEXAS 75222 


OUTPUT 


{See Notes A and B) 
VOLTAGE WAVEFORMS 


INPUT 


— 


— tt a 


I 
90% I 
| OUTPUT 
10% 


(See Notes A and B) 
VOLTAGE WAVEFORMS 


INSTRUMENTS 
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TYPES D2T2904, D2T2904A, D2T2905, D2T2905A 
DUAL P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311971, MARCH 1973 


TWO GENERAL PURPOSE TRANSISTORS IN ONE PACKAGE 


@ Each Triode Electrically Similar to 2N2904, 2N2904A, 
2N2905, 2N2905A Transistors 


¢ For Complementary Use with D2T2218, D2T2218A, D2T2219, 
D2T2219A Dual N-P-N Transistors 


mechanical data 


ALL LEADS INSULATED FROM CASE 


Dimensions without tolerance desig- 
nate true position. Leads having maxi- 
mum diameter (0.019’")} measured in 
gaging plane 0.054" +0.001" -0.000" 
below the seating plene of the device 
shall be within 0.007” of their true 
position relative to a maximum width 
tab. 


. COLLECTOR 1 
ASE 1 


. B 

. EMITTER 1 

. EMITTER 2 
ALL DIMENSIONS ARE IN INCHES . BASE 2 
UNLESS OTHERWISE SPECIFIED - COLLECTOR 2 


Collector-Base Voltage 


Collector-Emitter Voltage (See Note 1) 
| Emitter-Base Voltage BV 
GonthwouGoleont Ont ee 

Continuous Device Dissipation at (or below) 25°C [ Bech Triode | __ 400 __ mw | 

Free-Air Temperature (See Note 2) | TotalDevice [| = 6007" 
ee le en cee ammeee oel 

Case Temperature (See Note 3 | TotalDevice [2S 
[Storage TemperatureRange 85 tO 200 
Teed Temperature 1716 Inch from Case for T0Seconde 300i 


NOTES: 1. These values apply between 0 and 100 mA collector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 200°C free-air temperature at the rates of 2.28 mw/°C for each triode and 3.43 mw/C for the total device. 
3. Derate linearly to 200°C case temperature at the rates of 5.7 mW/°C for each triode and 11.4 mW/'C for the total device. 


USES CHIP P20 


A A IE TT I TT SS 9 aI 


4-154 TEXAS, INSTRUMENTS 
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TYPES D2T2904, D2T2904A, D2T2905, D2T2905A 
DUAL P-N-P SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


Collector-Base 
Breakdown Voltage 
Collector-Emitter 
Breakdown Voltage 
Emitter-Base 
Breakdown Voltage 


V(BRICBO 


V(BR)CEO 


V(BR)EBO 


Vcp = —50V, Ip=0 


ICBO Collector Cutoff Current | Vcg = —5O0V, Ie = 0, 


Static Forward Current 
Transfer Ratio 


See Note 4 
Ip=—-15mA, Ic =—150mA, 


Base-Emitter Voltage 


Collector-Emitter 

Saturation Voltage {g=—50mA, I¢ =—500 mA, 
See Note 4 

Small-Signal 

Common-Emitter 

Forward Current 

Transfer Ratio 

Common-Base 

Open-Circuit 

Output Capacitance 

Common-Base 

Open-Circuit 

Input Capacitance 


NOTE 4: These parameters must be measured using pulse techniques. ty = 300 us, duty cycle < 2%, 
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TEXAS INSTRUMENTS 4-155 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 78222 


TYPES D2T2904, D2T2904A, 0272905, D2T2905A 
DUAL P-N-P SILICON TRANSISTORS 


switching characteristics at 25°C free-air temperature 


a Rn Il 


TVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


Vec =-30V, Ic =~150mA, Ip(4) =-15 mA, 
VBEtoft) = 9, See Figure 1 


Veco =—-30V, I¢=~150mA, Ip(1) = —13 MA, 
tB(2) = 17 mA, See Figure 2 


PARAMETER MEASUREMENT INFORMATION 


-30V 


ov 
200 2 | tNPUT 
-16V ~— 
{ 


OUTPUT } 
1k2 4)  e— 
INPUT 

PU a 


t OUTPUT 


= = {See Notes A and B) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1 


+15 V -6V 


oV-—— 
| INPUT 
-30 V 


UTP: 

OuTPUT y 
| 

0% I 


INPUT I OUTPUT 


10% 


(See Notes A and B) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2 


NOTES: A. The input waveforms are supplied by a generator with the following characteristics: Zo; = 50 N, tp ]Ans, te G2 ns, 
tw = 200 ns, PRR = 150 Hz. 
B. Waveforms are monitored on an oscilloscope with the following characteristics: tr < 5 ns, Rin = 10 M&2. 


PRINTED IN U.S.A. 373 
TI cannot assume any responsibility for any circuits shown 
4-156 TEXAS INST RUM ENTS or represent thot they are free from patent infringement. 
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TYPE 0272905 
QUAD P-N-P SILICON TRANSISTOR 


BULLETIN NO, DL-S 7311702, APRIL 1972—REVISED MARCH 1973 


DESIGNED FOR MEDIUM-POWER SWITCHING 
AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 


e High Breakdown Voltage Combined 


- : (TOP VIEW) 
with Very Low Saturation Voltage 


e hfe... Guaranteed from 100 2A to 500 mA 


e High fT... 200 MHz Min at 20 V, 20 mA 


mechanical data 


NOTES: 

a. The true-position pin spacing is 0.100 
between centerlines, Each pin center- 
line Is located within 0.010 of its true 
longitudinal position relative to pins 4 
and 71, 

b. All dimensions are in inches unless 
otherwise noted, 


Fails Within JEDEC TO-116 and 
MO-001AA Dimensions 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


EACH TOTAL 
TRIODE DEVICE 
Collector-Base Voltage .. . ot Ga es Swe See oe ee we we we ~—BOV 
Collector-Emitter Voltage (See Note 1) tS es at ee ee Ee Gee Be) SAO. 
Emitter-Base Voltage fas hah Ge ves Sein, AY adh gas, GR Epes ge ecw WR eee as fe OSES, ais Note Oe -5V 
Continuous Collector Current . . eee OBA 
Continuous Device Dissipation at (or below) 25° c Free-alr Temperature (See Note 2) pepe * o5wt 1.5 Wt 
Storage Temperature Range . . . Lo ee ee ee ee ee) 65°C to 150°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds | ee ee ee 260°C —e 


NOTES: 1. This value applies between 0 and 100 mA collector current when the emitter-base diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rates of 4 mW/C for each triode and 12 mW/C for the total device. 


\ 
t Previous editions of this data sheet showed higher power dissipation ratings which have been found to be in error, The new ratings correct these 
errors and do not represent product changes. USES CHIP P20 


(Eee ee reese ee eee Te ee eee ie er ccc nce rr aS 
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TYPE 0272905 
QUAD P-N-P SILICON TRANSISTOR 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


V(BR)CBO Collector-Base Breakdown Voltage lc=-10HA, Ie=0 
V(BR)CEO Collector-Emitter Breakdown Voltage {c=-10mA, Ig =0, See Note 3 


V(BR)EBO Emitter-Base Breakdown Voitage 'e=-10HA, I¢=0 
[Vee=-50V, le=-O sd =-50V, Ie =0 
l Collector Cutoff C a 


76 
1003 
CE = i] 


hee Static Forward Current Transfer Ratio 


: 
slo J tls S 
al <i< > >) >| <|<| <2 


Voce =—-10V, I¢=—500mA 3 


Igp=—15mA, I¢=—150mA 
Vac SeawGiienc Voie See Note 3 
Igp=—50mA, I¢=—500 mA 
Ig=—15mA, Ic =—150mA 
VcElsat) Collector-Emitter Saturation Voltage See Note 3 


hp | Small-Signal Common-Emitter 
fe 


VcE=-10V, !c=—-30mA, f= 100 MHz 
Forward Current Transfer Ratio on ¢ 


Cobo Common-Base Open-Circuit Output Capacitance Vop=—10V, iE =0, f= 1MHz 
Cibo Common-Base Open-Circuit Input Capacitance Vep=-2V, Ic¢=0, f= 1 MHz 


NOTE 3: These parameters must be measured using pulse techniques. tw = 300 us, duty cycle < 2%. 


switching characteristics at 25°C free-air temperature 


i] 


t, 

tr 

t 
$ 
f 


TEST CONDITIONSt 


1c = —180 mA, IB(1) = —15 MA, VBE (off) = 0, 
RL = 2000, See Figure 1 


t Fall Time 


toff Turn-Off Time 


I¢ =—180 mA, 1B(1) = -13 mA, Ig(2) = 17 mA, 


RL=37Q, See Figure 2 


tvottage and current values shown are nominal; exact values vary slightly with transistor parameters. 


TEXAS INSTRUMENTS 
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TYPE Q2T2905 
QUAD P-N-P SILICON TRANSISTOR 


PARAMETER MEASUREMENT INFORMATION 


ov 
200 2 | INPUT 
-16V —— 


OUTPUT b—ton—m} 


INPUT I 


502 i] OUTPUT 


= = (See Notes A and 8) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1—TURN-ON TIME 


INPUT 


OUTPUT t 


INPUT OUTPUT 


(See Notes A and B) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2—TURN-OFF TIME 


NOTES: A. The input waveforms are supplied by # generator with the following characteristics: Zou, = 50%, ty <2ns, te < 273, 
tw = 200 ns, PRR = 150 pps. 
B. Waveforms are monitored on an oscilloscope with the following characteristics: ty < 5 ns, Rin = MQ, Ci, < 12 pF. 


472 PRINTED IN U.S.A. 
Fl cannet assume any responsibility for any circuits shown 
of cepresent thet they are free from potent infringement. TEXAS INST RUM ENTS 4-1 59 
INCORPORATED 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX S012 * DALLAS, TEXAS 75222 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES AST2907, AST3644, A5T3645, TIS1I2 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311318, MARCH 1970—MEVISED MARCH 1973 


SILECTt TRANSISTORS+ 
DESIGNED FOR HIGH-SPEED, MEDIUM-POWER SWITCHING 
AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 


® AST2907, AST3644, and AST3645 Electrically Similar to 2N2907, 2N3644, and 2N3645 
© TIS112 Processing Includes Operational Aging at 300 mW for 24 Hours 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 1068. The transistors are insensitive to light. 


0.200 0.160 
20,008 "4 20.010 


f Raeeireaem 0.017 72.002 pin 


ow} | 0.500 MIN 


0.008 ; 3~COWECTOR 
LEAD TEMPERATURE MEASUREMENT POINT 1/16" FROM CASE: 


NOTES: A. Lead diameter is not controlled in this area. 
8. Leads having maximum diameter 10.019: shall be within 0.007 of their true positions 
meosured in the gaging plone 0.034 below the seoting plone ef the device relorive to 
@ maximym-diameter packege. 
C. All dimensions ore in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


AS&T2907 
TIsi12 AST3644 AST3645 
Collector-Base Voltage 2. 1. 1 6 1. -60V -45V -60V 
Collector-Emitter Voltage (SeeNote1) 2... 2 1 1 ee ee 8 -40V —-45V ~60V 
Emitter-Base Voltage 2 6 1 1. we et Tod tai Fisk feet te -5V -5V -5V 
Continuous Collector Current 2 2 6 6 ww ee ; -— -—600 mA ——__> 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) m— 625 mW ——e 
Continuous Device Dissipation at (or below).25°C Case and Lead Temperature 


(See: Note 3) Give be a a he oe a Bs Be OR _—— 16W ——o 
Storage Temperature Range... 1. we <+— -65°C to 160°C -——» 
Lead Temperature 1/16 Inch from Case for 10Seconds ......2.. Lk 260°C ——-_—— > 


NOTES: 1, This velue applies between 0 and 600 mA collector current when the base-emitter diode Is open-circulted. 
2, Derate linearly to 150°C free-air temperature at the rate of 6 mW/°C, 
3. This rating appiies with the entire case (including the leads) maintained at 25°C. Derste linearly to 150°C case-and-iead 
temperature at the rate of 12.8 mW/°C. 
tTrademark of Texas [nstruments 
TU. 8. Patent No. 3,439,238 


USES CHIP P20 
a py AE TEE TTA RE A ES NEE I IS DER SE TH TITS EE I LE 
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TYPES A5T2907, TIS112 
P-N-P SILICON TRANSISTORS 


electrical characteristics at 26°C free-air temperature (uniess otherwise noted) 


UNIT 


AST2007 
PARAMETER TEST CONDITIONS TIs112 
MIN MAX_| 


ViBRICBO Collector-Base Breakdown Voltage Ic=—10"A, Ig =0 | 60 
V(BR)CEO Collector-Emitter Breakdown Voltage Ig = --10 mA, See Note 4 —40 
ViBRIEBO Emitter-Bese Breakdown Voltege |'g=—10uA, ic=0 


1g =0, | -40 
Vep*-50V, eg =0 | = 20 

; ‘i ; Vep=-80V, te=O 0 
pe ieee Vep=—50V, te=0, Tar vee [10] 
ICEV Collector Cutoff Currant Vce"-30V, Vee =0.6V ; Of 
(BEV Base Cutoff Current Voce =—-30V, VgE*0.5V | COC 


Vce=-10V, Io=-100nA 


VceE2-10V, Ic=—-1mA 


VceE=~-10V, Ico=-10mA 
Voce =-10V, I¢=-150mA 300 
Vc—E=-10V, !o¢=—-500mA 

==16 mA, I¢=—160mA 7] 


B=-S50mA, !c¢=—500mA 
fal Pome meena |venT— torsos, soto |e 
Cobo ae Vog*-10V, Ig =0, f= 1MHz | 8 | oe | 
Cibo I ore aes Vep=-2V, Ic¢=0, f= 1MHz | wo | or | 


hee Static Forward Current Transfer Ratio 


NOTE 4: These perameters must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONSt ABT z907 | T1812 


Delay Time 


-_— ! =- A, Vv =0, 
Ss RO fe ha ol 
See Figure 1 


ton Turn-On Time 


t Ti 

inne oGeanianisinaes 
See Figure 2 
toft Turn-Off Time eZ 


t voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


TEXAS. INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX $012 ¢ DALLAS, TEXAS 75232 


4-161 


TYPES AST2907, TISTI2 
P-N-P SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 
-30V 


ov 
200 2 | INPUT 
-16V = 
| 


OUTPUT 


1k2 —>| 
INPUT I 
i 90% 


502 | OUTPUT 


= = (See Notes A and B) 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1—A5T2907 and TIS112 


ov-—— 
| INPUT 
-30V 


OUTPUT ty I 
| 
{ 
I 


INPUT OUTPUT 


10% 


(See Notes A and B) 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 2—A5T2907 and T1S112 


NOTES: A. The input waveforms are supplied by a generator with the following characteristics: Zou, * 50 2, te S 2 ns, te S 2 8, ty = 200 ns, 


PRR = 150 pps, 
B. Waveforms are monitored on an oscilloscope with the following characteristics: t, < 5 ns, Rin = 10 MS2, Cin S 12 pF. 


TIS112 OPERATIONAL AGING 


All TIS112 transistors are aged for a minimum of 24 hours in the circuit shown below. Total device dissipation is 
approximately 300 mW. All static characteristics are tested prior to and after aging. Dynamic characteristics are tested 
as necessary to guarantee the specified limits after aging. 


-40V 


NOMINAL CONDITIONS 


Adjust Ry for -10 V Voge = ~30V 
at point A to ground. 1k2Q tg = 10mA 
1/4W Tat 25°C 


PRINTED IN U.S.A. 37% 
Ti cannet assume ony responsibility for any circuits shown 
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TYPES 2N2913 THRU 2N2920, 2N2915A, 2N2816A, 2N2919A, 2N2920A, 
2N2972 THRU 2N2979 
DUAL N-P-N SILICON TRANSISTORS 


BULLETIN NO. OL-S 6911165, MARCH 1969 


A BROAD FAMILY OF DUAL TRANSISTORS RECOMMENDED FOR 


e Differential Amplifiers 

e High-Gain, Low-Noise, Audio Amplifiers 
e Transducer Signal-Conditioner Amplifiers 
e Low-Level Flip-Flops 


*mechanical data 


ALL LEADS INSULATED FROM CASE 


Dimensions without tolerance desig- 
nate true position. Leads having maxi- 
mum diameter (0.019°’) measured in 
gaging plane 0.054" +0,001" -0.000” 
below the seating plane of the device 
shall be within 0.007” of their true 
position relative to a maximum width 


. COLLECTOR 1 

. BASE 1 

. EMITTER 1 

. EMITTER 2 
ALL DIMENSIONS ARE IN INCHES . BASE 2 
UNLESS OTHERWISE SPECIFIED . COLLECTOR 2 


OUTLINE A — TYPES 2N2913 THRU 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A 


ALL LEADS INSULATED FROM CASE 


6 teas $1 1A i: FALLS WITHIN TO-71 DIMENSIONS 


. EMITTER 1 

. BASE 1 

. COLLECTOR 1 
. EMITTER 2 

. BASE 2 

. COLLECTOR 2 


ALL DIMENSIONS ARE IN INCHES 
UNLESS OTHERWISE SPECIFIED 


OUTLINE 8 — TYPES 2N2972 THRU 2N2979 


quick-selection guide (for details see characteristics on the following pages) 


MIN-MAX hee Vae1—-Vae2! AiVee1—Vee2iOTal 


MIN Visriceo 
seni fic = 10 way Vic = 100 wa) {Tay * 28°C, Taya = 125°C) 


*JEDEC registered data, This data sheet contains all applicable registered data in effect at the time of publication, 
USES CHIP N11 
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TYPES 2N2913 THRU 2N2920, 2N2915A, 2N2S16A, 2N2919A, 2N2920A, 
2N2972 THRU 2N2979 
DUAL N-P-N SILICON TRANSISTORS 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N2913 
thru 2N2972 2N2919 
2N2918 enna: 2N2919A 2N2978 
2N2915A 2N2977 2N2920 2N2979 
2N2916A 
EACH TOTAL EACH TOTAL | EACH TOTAL 
TRIODE DEVICE | TRIODE DEVICE | TRIODE DEVICE | TRIODE DEVICE 


a a 
| Collector-Emitter Voltage (SeoNotet) | 45 CSS SCL 
apeaen Ven ee 
[couector-1 — colletor-2 Voruge | tao] CTC 

| 2o | so | 3 | 


UNIT 


25 C Free-Air Temperature (See Note 2) 
Continuous Device Dissipetion at (or below) | os ts | 0.5 0.75 0.76 15 
26 C Case Temperature (See Note 3) 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


3 
3 
: 
3 


individual triode characteristics (see note 4) 


2N2913 2N2914 


2N2915 2N2916 
2N2915A | 2N2916A 2N2919 2N2920 
2N2917 2N2919A | 2N2920A 


PARAMETER TEST CONDITIONS 2N2972 2N2979 


ViprieBo Emitter-Base Breakdown Voltage ble = 104A, Ip = 0 


leao Collector Cutoft Current [Woes 45Vite-0 | a: 


cco Collector Gutott Current |Vee=8V, geO 
Ics Emitter Cutott Curent Wes=5V.1cn0 SST 
Voe= SV. Ic= 10uA 
Vee @ SV, te = 100uA 100 225 s 


Static Forward Current 
Transfer Ratio 


Vee=5V¥, Ic=1mA 160 300 


Vce=5V, ict 10nd, Ta =-65C 


Ve Bese-Emitter Voltage Veg =5V, c= 100A |e? | 07 | 
Vcetset) Coltector-Emitter Saturation Voltage 1g = 100 uA, Ic = 1 mA [oss [| age | 


NOTES; 1. These values apply when the base-emitter diode is open-circuited. 
2. Derate linearly to 200°C free-air temperature at the following rates: 1.72 mw/°C for each triode and 2.86 mW/°C for total device 
(2N2913 thru 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A); 1.43 mW/°C for each triode and 1.72 mw/°C for total 
device (2N2972 thru 2N2979). 
3. Derate linearly to 200°C case temperature at the following rates: 4.3 mwW/°C for each triode and 8.6 mw/°C for total device 
(2N2913 thru 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A); 2.96 mw/°C for each triode and 4.3 mw/°C for total device 
(2N2972 thru 2N2979). 
4, The terminais of the triode not under test are open-circuited for the measurement of these characteristics. 
5. This parameter must be measured using pulse techniques. ty = 300 us, duty cycle < 1%. 
“JE DEC registered data 
t These values apply to types 2N2915A, 2N2916A, 2N2919A, and 2N2920A only. 
This value applies to type 2N2916A only. 
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TYPES 2N2913 THRU 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A, 
2N2972 THRU 2N2979 
DUAL N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (continued) 


individual triode characteristics (see note 4) 


2N2915A 
2N2916A 
PARAMETER TEST CONDITIONS 2N2919A 


hip Smatl-Signat Common-Base 
input Impedance 


Smatt-Signat Common-Bace 
Output Admittance 

Ite Small-Signal Common-Emitter 
Forward Current Transfer Ratio 
Common-Base Open-Circuit 
Output Capacitance 
Common-Base Open-Circuit 
input Capacitance 


hop Vee "SV, Ic=tmA, f=1kHz 


Voce =5V, Ic = 0.5 mA, f= 20 MHz 


Cobo Vep*5V, te =0, f = 140 kHz to 1 MHz 


Cibo Vep*O5V, Ic =0, f = 140 kHz to 1 MHz 


triode matching characteristics 


2N2915A 

2N2916A 

2N2919A 
PARAMETER TEST CONDITIONS 


Vce=5V, Ic = 100A, 
Static Forward-Current- See Note 6 
Gain Balance Ratio Vee =5V,  Ic=100uA tot mA, 
T, = -55°C to 125°C, See Note 6 

WVocrVecal Bu Emitie-Vofipe | Vce=B8V, ic =100ua | 

Differential Voe=5V,  ic=10uAto1lmA 
Vee=SV, Ic = 100nA, 
Tat = 28°C, Tara) = 88°C 
Vee=5V, tc = 100uA, 
Tat = 28°C, Taya) * 128°C 


Base-Emitter-Voltage- 
\AiVee1- Vaec2) at ,! Differential Change 
With Temperature 


*operating characteristics at 25°C free-air temperature 


individual triode characteristics (see note 4) 


PARAMETER TEST CONDITIONS 


Voces BV, Ic- 10nd, Ag= 10k, 
f= kHz, Noise bendwidth = 200 Hz 
Vee =8V, (c= 10nd, Rg = 10kn, 
Noise bandwidth = 15.7 kHz, See Note 7 


NOTES: 4, The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 


6. The lower of the two hee readings is taken as hee 3. 
7. This parameter is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency rolloff of 6 dB/octave. 
*“JEDEC registered data 


TEXAS, INSTRU MENTS 4-165 


NCORPORATE 
POST OFFICE BOX S012 ¢ DALLAS. TEXAS 75222 


TYPES 2N2913 THRU 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A, 
2N2972 THRU 2N2979 
DUAL N-P-N SILICON TRANSISTORS 


TYPICAL MATCHING CHARACTERISTICST 


FOR TYPES 2N2915, 2N2915A, 2N2916, 2N2916A, 2N2919, 2N2919A, 
2N2920, 2N2920A, 2N2974, 2N2975, 2N2978, 2N2979 


STATIC FORWARD-CURRENT~GAIN BALANCE RATIO 


vs 
COLLECTOR CURRENT 


— Static Forward-Current-Gain Balance Ratio 


a : See Note 6 


Vee =5V 

- ial 

rae 

3 
10 40 100 400 1000 
I¢ — Collector Current — pA 
FIGURE 1 
BASE-EMITTER- VOLTAGE DIFFERENTIAL BASE-EMITTER-VOLTAGE DIFFERENTIAL 


vs 
COLLECTOR CURRENT 


vs 
FREE-AIR TEMPERATURE 


Vee =5V 


See re ote 
ped ene OnE 
sre TTT 


hei 
ze 
hel 
BE 
pelea 
| || 
isi 


|Vee1 —Vee2| — Base-Emitter-Voltage Differential — mV 

be ~Vee2 

|Vee1 —Vee2 | — Base-Emitter-Voltage Differential — mV 
So 


0.8 
0.6 
. Ze Re 
: bee ee 
10 40 100 400 1000 “75 ~25 25 125 75 
Ye —~— Collector Current —pA Ty — Free-Air Eee — °C 
FIGURE 2 FIGURE 3 


NOTE 6: The lower of the two hee readings is taken as heE 4. 
tThese curves represent the average behavior of groups of dual transistors. Unlike normal singte-triode characteristics, matching characteristics 


of dual transistors may differ considerably in behavior from the typical. For example, a minority of devices have been observed with smaller 
Vv, mismatch at 150°C than at -65°C, as opposed to the average behavior as shown in figures 2 and 3. 


BE 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N2944, 2N2945, 2N2946, 2N2944A, 2N2945A, 2N2946A 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. OL-S 679561, MARCH 1967 


FOR LOW-LEVEL, HIGH-SPEED CHOPPER APPLICATIONS IN INVERTED CONNECTION 


e Low Guaranteed Offset Voltage 

e High Emitter-Base Breakdown Voltage 

Greatly Improved hrga.w.-.50 Min at 1,= 200 A (2N2944A) 

© Extremely Low Foon)» --4 0 Max (2N2944A) ° 
Recommended For Complementary Use with 2N2432A 


*mechanical data 


THE COLLECTOR 1S IN ELECTRICAL : 
CONTACT WITH THE CASE 
ALL JEDEC 10-46 DIMENSfONS 4 


AND MOTES ARE APPLICASLE 


TTI guaranteed minimum. The JEDEC registered minimum lead diameter for the TO-46 is 0.012. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N2944 §=2N2945 2N2946 
2N2944A 2N2945A 2N2946A 


Collector-Base Voltage, Vcg . -. oe ee a ae A STEN. -25V -40V 
Emitter-Collector Voltage, Veco (See Note 1) i be eae ek a TOV. -20V -35 V 
Emitter-Base Voltage, Veg. . - - 6 1 ee ew ee el we UTE —25V -40 V 
Continuous Collector Current. . . . eS Sy bo ae Neh ws — -100mA —- 
Continuous Device Dissipation at (or below) 25°C 

Free-Air Temperature (See Note 2) . . . . 2. - ee et —- W4W -—-—- 
Storage Temperature Range . . . ke Se es <— -65°C to 200°C —> 
Lead Temperature % Inch from Case for 10 Seconds Andy -cik eae ca <— 20°C —— 


NOTES: 1. This value applies when the collector-base diode is open-circuited. 
2. Derate linearly te 200°C free-air temperature at the rate of 2.3 mW/deg. 


*Indicetes JEDEC registered data 


USES CHIP P14 
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TEXAS INSTRUMENTS 4-167 


INCORPORATED 
POST OFFICE BOX 5012 © DALLAS, TEXAS 75222 


TYPES 2N2944, 2N2945, 2N2946, 2N2944A, 2N2945A, 2N2946A 
P-N-P SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Vey = Rated Veg, 
Vog = -0.5'V, 


Smatl-Signat Emitter-Collector Ig = —1 mA, k= 0, ,= 100 yA, 
Fecfon| On State Resistance f = Tkiz, See Figure 2 


Small-Signal Commen-Emitter a _ _ 
[bel Forward Current Trensfer Ratio Yo = SV Ig = —I mA, f = 1 Mir 


Common-Base Open-Circvit is = 
Cobo Output Capacitance Vong = 6, 1, = 0, = f = 500 kHz 


Common-Base Open-Circuit 


So input Capecitence Yop = OY, Io = 0,  f = 500 kHz 


leno Collector Cutoff Current Vou = Rated Veg, 


bee Static Forward Current Transfer Ratie Vog = 059, Ig = —1l mA 


Stotle Ferward Current Tronsfer Ratio 
hy = = —200 
Féliev) (Inverted Connection) Ye = = 's a pe fe | 


=e 
1, = -1 mA, lg = 0, 
f = 1 kHz, See Figure 2 


Veciots} Emitter-Catlector Offset Voltoge 


Small-Signat Emitter-Collecter 


5 1, = 100 pA, 
eclor) —On-State Reslstence 


¢ Common-Base Open-Circult Vo, = -6¥, 1, = 0, 
‘obo Output Capacitance # = 0.1 MNz to 1 MHz 


C Common-Base Open-Circuit Veg = 4, Ip = 0, 
ibe Input Copocitance f = 0.1 MHz to 1] MHz 


See 
. Note 
a 
+ 


FIGURE 1 FIGURE 2 
MEASUREMENT CIRCUIT FOR EMITTER- 
MEASUREMENT CIRCUIT FOR OFFSET VOLTAGE COLLECTOR ON-STATE RESISTANCE 


NOTE a: The voltmeter must have high enough impedance that halving the vatue ef the volimeter impedance does not change the measured value. 
“Indicates JEDEC registered data 


4-168 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75228 


Igng ——=—*Emitter Cutolt Current Yeu = Rete Vey Ic = 0 ae Sa 
Weg = Bandy lp = 0 T= Ta ae 


Small-Signel Commen-Emitter a ae a 


PRINTED IN U.S.A. 


Ti cannot assume any responsibility for any circuits shown 
or represent thot they are free from potent infringement. 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME | 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE, 


TYPES 2N2913 THRU 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A, 
2N2972 THRU 2N2878 
DUAL N-P-N SILICON TRANSISTORS 


BULLETIN NO. OL-S 6911165, MARCH 1969 


A BROAD FAMILY OF DUAL TRANSISTORS RECOMMENDED FOR 


Differential Amplifiers 

High-Gain, Low-Noise, Audio Amplifiers 
Transducer Signal-Conditioner Amplifiers 
Low-Level Flip-Flops 


*mechanical data 


ALL LEADS INSULATED FROM CASE 


Dimensions without tolerance desig- 
nate true position. Leads having maxi- 
mum diameter (0.019) measured In 
gaging plane 0.054" +0.001’’ -0.000” 
below the seating plane of the device 
shall be within 0.007" of their true 
position relative to a maximum width 
tab, 


4. COLLECTOR 1 
2. BASE 1 
. EMITTER 1 


. EMITTER 2 


ALL DIMENSIONS ARE JN INCHES . BASE 2 
UNLESS OTHERWISE SPECIFIED . COLLECTOR 2 


OUTLINE A — TYPES 2N2913 THRU 2N2920, 2N2916A, 2N2916A, 2N2919A, 2N2920A 


ALL LEADS INSULATED FROM CASE 


FALLS WITHIN TO-71 DIMENSIONS 
1. EMITTER 1 

. BASE 1 

» COLLECTOR 1 

. EMITTER 2 

. BASE 2 

. COLLECTOR 2 
ALL DIMENSIONS ARE IN INCHES 
UNLESS OTHERWISE SPECIFIED 


Waer-Veeal Veg 1-VeeaATal 
lig = 100 yA} {Taiy) © 28°C, Taya) = 128°C) 


*JEOEC registered date. This deta sheet contains all applicable registered data In effect at the time of publication, 
USES CHIP N11 
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TEXAS, INSTRUMENTS 4-169 


NCORPORATED 
POGT CPFIOR BOX 5012 + DALLAS, TEXAS 75288 


TYPES 2N2913 THRU 2N2920, 2N2915A, 2N291GA, 2N2919A, 2N2920A, 
2N2972 THRU 2N2978 
DUAL N-P-N SILICON TRANSISTORS 


*ahsolute maximum ratings at 25°C free-air temperature (untess otherwise noted) 
2N2913 


thru 2N2919 
2N2918 2N2919A 2N2978 
ak 2N2920 2N2979 
2N2916A 
2N2920A UNIT 


EACH TOTAL 


+ 
2 
° 
o 
m 
i] 
m 
$ 
Q 
m 


Collector-Emitter Voltage (See Note 1) NS ES (OO 
Coltector-1 — Coltector-2 Vottage  C<e a aE 
Continuous Collector Current a a A ee a 


Continuous Device Dissipation at {or below) 
25°C Free-Air Tempereture (See Note 2) 
2 : 
Cont inuous Device Dissipation at (or below! 06 0.75 0.5 0.76 
25 C Case Temperature (See Note 3) 


Storoge Tempera Ronen 


ee ee ie 
for 60 Seconds 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
“individual triode characteristics (see note 4) 


2N2913 2N2914 
2N2915 2N2916 

2N2915A | 2N2916A | 2N2919 | 2N2920 

2N2917 2N2918 2N2919A | 2N2920A 

TEST CONDITIONS 2N2972 2N2973 2N2978 | 2N2979 UNIT 

2N2976 
2N2977 

[MIN MAX | MIN MAX] MIN MAX] MIN MAX| 


) 
g 
° 
ao 


PARAMETER 


Vigniceo Goleciatee GreadownVeram —fic=10ua igo iT | wf wo wo 

Wietrcen, Coltator Ente Bredhdows Vehoge [le = 10m, ip=0,taNows | 0 | so _] 

Wisnpeso Emittw-GereBreekdown Vonage Jig=10uA icno | 6 J eT eT 

fceo | ctmerenettcwn — feaneBtgse fe fe 
Weeea6Vite=o,ta=see| 0 | of wt 10 | 

Hgco — Comentor Gato Ganent [Ween 8v, pro] | 

[eno Emitter Cutoff Curent |Veg=8V. to=9 eee ee es] 
Wee=8V. i= 10nA | @0 200 | 160 ooo | 60 40 | 100 oa || 

: iit Rated Gach Wee=6V. te 100nk oo fas too ae 

TE Traneer Rao Wee=8V. tcwtma ‘wo | 0 [wo feo | 

Wag Baw Eriiter Volpe «digg = BV, igeiowa «| oy || | | 

Veta) _Collectr-Emirer Saturation Voltage [lp = 100A, te = 1 mA [ose [038 [eas [oas fv 


NOTES: 1. These vaiues apply when the base-emitter diode is open-circuited. 

2. Derate tinesriy to 200°C free-air temperature at the following rates: 1.72 mW/deg for each triode and 2.86 mW/deg for total 
device (2N2913 thru 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A); 1.43 mW/deg for each triode and 1.72 mW/deg for 
total device (2N2972 thru 2N2979). 

3. Derate finearly to 200°C case temperature at the following rates: 4.3 mW/deg for each triode and 8.6 mW/deg for total device 
(2N2913 thru 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A); 2.86 mW/deg for each triode and 4.3 mW/deg for total 
device (2N2972 thru 2N2979). 

4, The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 

5, This parameter must be measured using pulse techniques. ty = 300 us, duty cycle 1%. 

* JEDEC registered data 
tThese values apply to types 2N2916A, 2N2916A, 2N2919A. and 2N29820A only. 
FT his value applies to type 2N2916A only. 
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TYPES 2N2913 THRU 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A, 
2N2972 THRU 2N2979 
DUAL N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (continued): 


individual triode characteristics (see note 4) 


2N2913 
thru 2N2915A 


2N2920 2N2916A 
PARAMETER TEST CONDITIONS 2N2972 2N2919A 


2N2920A 


h Small~Signa! Common-Base 


Vee =6V, Ic= mA, fe tkHz 
Input Impedance 


ib 
hop Small-Signel Common-Base Voge ™5V. tc=1mA, f= 1kHz 
Output Admittance 


Iheel Smatt-Signat Common-Emitter Veg =5V, Ic = 0.5 mA, f= 20 MHz 
Forward Current Transfer Ratio 


Common-Base Open-Circuit 
Output Capacitance 
Common-Base Open-Circuit 
Input Capacitance 


Covo Vea =5V, te =0, f = 140 kHz to 1 MHz 


Cibo Vep = O5V, Ic =0, f= 140 kHz to 1 MHz 


triode matching characteristics 


2N2915 

2N2916 : 

2N2919 2N2915A 2N2917 

2N2920 2N2916A 2N2918 

2N2974 2N2919A 2N2976 

PARAMETER TEST CONDITIONS 2N2975 2N29204 2N2977 UNIT 

2N2978 

2N2979 


MIN MAX] MIN MAX | MIN MAX 
09 1 09 1 08 1 


Vce=5V, ig = 100pA, 
feed Static Forward-Current- See Note 6 

hee2 Gain Batance Ratio VeE=5V,  tc=100uAto1mA, 
Tp = -85 °C to 125 C, See Note 6 


Base-Emitter-Voltage 


Weer-Vae2! Veer 6 Vr to 10nA mV 
Differential Vee =5V, ig = 10 uA to 1 mA 5 2 10 
Base-Emitter-Voltage- | Voe"SV. c= 100uA, 08 0.4 1.6 

\MVeer— Vae2!ar,l Differential Change Tay = 25 C, Ta(2) = -§5 C mV 
With Temperature Vee=5V, Ic = 100uA, 1 0.5 2 


Tata) = 28°C, Tai) = 125°C 


*operating characteristics at 25°C free-air temperature 


individual triode characteristics (see note 4) 


2N2913 2N2919A 2N2914 2N2920A 
2N2915 2N2972 2N2916 2N2973 

PARAMETER TEST CONDITIONS 2N2915A 2N2974 2N2916A 2N2975 
2N2917 2N2976 2N2918 2N2977 
2N2919 2N2978 2N2920 2N2979 


Vce=5V, Ic=10uA, Ag = 10k2, 
- f= 1kHz, Noise bandwidth = 200 Hz 


Average Noise Figure 
Vee *5V, ic=10nA, Rg = 10kx, 


Noise bandwidth = 15.7 kHz, See Note 7 


NOTES: 4. The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 

6. The lower of the two hee readings is taken as he gy. 

7, This parameter is measured in an amplifier with response down 3 dB at 10 Hz and 10 KHz and a high-frequency rolloff of 6 dB/octave. 
*JEDEC registered data 
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TYPES 2N2913 THRU 2N2920, 2N2915A, 2N291GA, 2N2919A, 2N2920A, 


2N2972 THRU 2N2979 
DUAL N-P-N SILICON TRANSISTORS 


TYPICAL MATCHING CHARACTERISTICSt 


FOR TYPES 2N2915, 2N2915A, 2N2916, 2N2916A, 2N2919, 2N2919A, 
2N2920, 2N2920A, 2N2974, 2N2975, 2N2978, 2N2979 


STATIC FORWARD=CURRENT-GAIN BALANCE RATIO 


N 


— Static Forward-Current=Gain Balance Ratio 


Hee) 
heer 


BASE-EMITTER= VOLTAGE DIFFERENTIAL 


vs 
COLLECTOR CURRENT 


IVae1 —Vae2! — Base-Emitter-Voltage Differential — mV 


lq — Collector Current —pA 
FIGURE 2 


pane wean _—— as 

Peet PIT ot 

Cecmelll | LIT 
Ta = 125°C 


i Til LEH 
0) 100 400 


vs 
COLLECTOR CURRENT 


Veg =5V 


40 1000 
\¢ — Collector Current — pA 


FIGURE 1 


BASE-EMITTER~VOLTAGE DIFFERENTIAL 


vs 
FREE-AIR TEMPERATURE 
Vee =5V 


Io = 10 pA to 100 pA 


| Bleeds tle 
cite aeees 
tite ee 
eS a alee fp. | 


[Vee1 -Vae2 | — Base-Emitter-Voltage Differential —mV 
o 


0.4 
0.2 
0 
75 -25 25 75 125 175 
Ta — Free-Air Temperature — °C 
FIGURE 3 


NOTE 6: The lower of the two hfe readings is taken as hee 1. 
+ These curves represent the average behavior of groups of dual transistors, Uniike normal single-triode characteristics, matching characteristics 


of dual transistors may differ considerably in behavior from the typical. For example, a minority of devices have been observed with smaller 


Vee 


mismatch at 150°C than at -65°C, as opposed to the average behavior as shown in figures 2 and 3. 
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TYPES 2N2894, 2N3012 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. OL-S 645051, AUGUST 1964 


DESIGNED FOR HIGH-SPEED SWITCHING APPLICATIONS 
© Guaranteed Vieja --- 0.5 v Max at 100 ma 
e High f, --- 400Mc Min 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE. 


ALL JEDEC TO-18 DIMENSIONS AND 
NOTES ARE APPLICABLE. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . .” beet arers Syd) Gh um odie oe ee Ye Se a ETN 
Collector-Emitter Voltage (cee Note ». Pe igs Lip. hig Gh ee WO Bn a Tie we be a ee ee. ae, STD: 
Emitter-Base Voltage. . . Sores Men raj sea voi eNO fs SAM Gh al Sif ac HS Ae ey: 
Collector Current. . . » . . —200 ma 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). ~ « « « 0.36w 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3). . . . . . V.2w 
Operating Collector Junction Temperature. ©. . . 1. 6 6 ee ee es . . 200°C 
Storage Temperature Range . . Dbl lL loll 168% to +200°C 


Lead Temperature % Inch from Case For 60 Seconds . By 8 GG AT EL Cat ge lat ae ac Oe ee BOOPE 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


Vienjceo Cellector-Base Breekdewn Veltage lq =—0 a, 
Viaejceo Collector-Emitter Breokdown Voltage | 1, =—10 me, See Note 4 
Veoryces Collector-Emitter Breakdown Voltage | I =—10 xa, 
Vienjevo Emitter-Base Sreekdewn Veltoge tp =—100 ya, 
loso Collector Cutoff Current = T, = 125°C 


lees Collector Cutoff Current Ty = ase 


\, Base Current Vog=~by, 
Vog=-0.3¥, Io =—I0 ma, See Nete 4 
Vog=-0.5¥, 1 =—30 ma, See Note 4 
Nee Static Forward Current Transfer Ratio Yop ly, ic ==—100 ma, See Note 4 
Vog=-0.5¥, Ig =—30 ma, 
1, =-55°C, See Note 4 
1,=—] ma, to =—10 ma, See Note 4 
=-3me, |c=—W ma, See Note 4 
Vogjsat) Collector-Emitter Saturation Voltage = ig ==—100 ma, — See Nete 4 
== —30 ma, 
Soe Note 4 
lo=—l0 mo, — Sea Note 4 78 0.98 
Vee Sase-Emitter Voltage = Io =—30 ma, Sea Note 4 0.85 -1.2 
lo==—l00 me, See Note 4 al 


NOTES: 1. This value applies between 10 a and 10 ma collector current when the base-emitter diode is open-circvited. 
2. Derate linearly to 200°C free-air temperature at the rate of 2.06 mw/C°. 
3. Derate linearly to 200°C case temperature at the rate of 6.85 mw/C°. 
4. This parameter must be measured using pulse techniques. PW = 300 psec, Duty Cycle = 1%. 
“indicates JEOEC registered dats. USES CHIP P11 


TEXAS INSTRUMENTS 4-173 
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TYPES 2N2894, 2N3012 
P-N-P SILICON TRANSISTORS 


lr a Tn SiS SS Sr SS ES 
*electrical characteristics at 25°C free-air temperature 


2N2894 | 2N3012 


[ PARAMETER TEST CONDITIONS 
Small-Signal Common-Emitter = oe = 
Intel Forward Current Transfer Ratio Vog=—l0¥, Io == $0 ma, == 100 Me 
Common-Base Open-Circult = _ 2 
Cobo Output Capacitance Vos=-S =O t= 140 ke 
Common-Base Open-Circuit = ny _ 
“ive Input Capacitance Veg =~0.5 ¥, Ie = 0, f= 140 ke 


*switching characteristics at 25°C free-air temperature 


2N2894 2N3012 


PARAMETER TEST CONDITIONSt MAX MAX UNIT 
=—30 ma, Ip)j==—l.5ma, ¥ =3y, 
ton Turn-On Time Coa A Sed a : ma, Veetoth ¥, 60 60 nsec 
> 1g =~ 30 ma, bg) HA} S ma, bpeay = 1.5 ma, 
tort Turn-Off Time R, = 620, Seo Figure 1 90 18 nsec 


4 TWoltage and current values shown are nominal; exoct values vary slightly with transistor porameters. 
*PARAMETER MEASUREMENT INFORMATION 


Vee -2v 


ton Vag =t3v 


tort Vegp=-4v 0 ve 
100 2 62 2 | INPUT | 

-7V—-— 9 
! I 


OUTPUT 
{ { 
0.1 pf L. 
t, tot 
INPUT ot [= | \ 
2k ! : 
90% 1 
100 £2 OUTPUT ! 
10% 
= = (See Notes a and b ) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1 —TURN-ON AND TURN-OFF TIMES 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Z,.4== 50 Q, t, <= I nsec, PW => 200 nsec. 


b. Waveforms are monitored on an oscilloscope with the following characteristics: 1, << I nsec, &;, == 100k. 


*Indicates JEDEC registered data. 
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TYPE 2N3015 


DESIGNED FOR HIGH-SPEED, HIGH-CURRENT SWITCHING APPLICATIONS 


*mechanical data 


THE COLLECTOR 1S IN ELECTRICAL 
CONTACT WITH THE CASE. 


ALL JEDEC TO-5 DIMENSIONS 
AND NOTES ARE APPLICABLE. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage. 1. 2 2 1 6 we we te ee tt tt tt we ww ee) (OY 
Collector-Emitter Voltage (See Note 1). . 2. 2. 2. ee eo wt te ew ew ew eh ww) ON 
Emitter-Base Voltage . . . . . pete ee te Se SR OE Se Le SV 


Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) . . .... =. O8w 
Total Device Dissipation at (or below) 25°C Case Temperature (See Note3) . . . . .. + . 3.0w 
Operating Collector Junction Temperature. . 2. 2 2 2 - eee eee «ee « 200°C 
Storage Temperature Range 2. 1 6 6 ee ee te te te ls ase to +200°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


NOTES: 


1 


Vienicvo Collector-Base Breakdown Voltage 
Vieniceo Collector-Emitter Breakdown Voltoge 
Viunjes0 Emitter-Base Breakdown Voltage 


lees Collector Cutoff Current 
He eae Collector Cutoff Current 


(agranareemee Forward Current Transfer Ratio 


I, = 0, See Note 4 
le =0 


lc = 30 ma, 
k= 100 ya, 


p= 15 ma, lc = 150 ma, See Note 4 


I, = 50 ma, lc = 500 mo, See Note 4 
Voetuay Collecter-Emitter Saturation Voltage [81S ma,__Ic = 150.ma, See Note 4 


Oe ee 

= 

. Oa 

lp = 50ma, Ic = 500 mo, See Note 4 a ae 

Fr art ara es | 


Forword Current Transfer Ratio ene Jone eS ee 


Common-Base Open-Cirevit pm = = 


This valve epplies between 1 ma and 30 ma collector current when the bese-emitter diode Is open-circuited. 


2. Derate lineerly te 200°C free-air temperature at the rate of 4.6 mw/C°. 


3. Derate linearly te 200°C case tempersture at the rate of 17.2 mw/C°. 
4. These paremsters must be meesured using pulse techniques. PW == 300 psec, Doty Cycle <= 2%. 
*tadicates JEDEC registered data 


T EXAS INSTRUMENTS 


NCORPORAT 
POST OFFICE BOX 5012 « ations TEXAS 75222 


N-P-N SILICON TRANSISTOR 


BULLETIN NO. DL-S 645017, MARCH 1964 


USES CHIP N19 
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TYPE 2N3015 
N-P-N SILICON TRANSISTOR 


*switching characteristics at 25°C free-air temperature 
a cc 
= 0, & = 801), See Figure 1 


le = 300 ma, iy,, = 30 ma, V 
= 0, R= 481, See Figure 1 a 


te tenant HS a = 
eo 
rez] 60 |e | 


te = 500 ma, lai) = 50.ma, faa = —55ma, R, = 48 02, See Figu 


‘TWeltage and current volues shown are neminal; exact velues vary slightly with tronsister parameters. 


*PARAMETER MEASUREMENT INFORMATION 


OUTPUT ol \* 


INPUT An ! 
Nominal ic OUTPUT 
| 00me ~ 
VOLTAGE WAVEFORMS 


CIRCUIT CONDITIONS 


TEST CIRCUIT 
FIGURE 1—~—TURN-ON TIMES 


INPUT 


VOLTAGE WAVEFORMS 


CIRCUIT CONDITIONS 


TEST CIRCUIT 
FIGURE 2~— TURN-OFF TIMES 


WOTES: «. The Input waveforms are supplied by @ pulse genareter with the foliqwing choractoristies: Zouy = 5090, 1, “SS 2 nsec, PW <= 200 nsec. 
b. Waveforms are monitered on an oscilloscope with the following characteristics: 1, 1 nsec, Rip, == 100 kM. 


“indicates JEDEC registered dota 
SAA A TT a ITD LTE ST TT EE OLED 
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TYPE 2N3036 
N-P-N SILICON TRANSISTOR 


BULLETIN NO. DL-§ 734232, AUGUST 1963—REVISED MARCH 1973 


FOR GENERAL PURPOSE, MEDIUM-POWER AMPLIFIER AND SWITCHING APPLICATIONS 
®@ High Power Dissipation Capability: 10 w at Tc = 25°C 
e High Breakdown Voltage Combined with Very Low Saturation 
Voltage 
@ DC Beta Guaranteed From 100 va to 1 amp 
mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


ALL OIMENSIONS ARE 
IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


ALL JEDEC TO-38 DIMENSIONS AND NOTES ARE APPLICABLE® 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage 2 2. 6 ee ee ee ee ew ew wo 120 v* 
Collector-Emitter Voltage (See Note 1). ©. 6. 6 ee ee ee et ee ee et 80 v* 
Emitter-Base Voltage 2. 6 eee ee ee ee ee ee eT v* 
Continuous Collector Current 2. 6 0 ee ee ee ee te ww we LO 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) . . . . . 0,8 w* 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . : 4 wt 
w 
Storage Temperature Range. . - 2 6 7 ee ee te ee ee ee -65°C to 200°C * 
Lead Temperature Xs Inch from Case for 10 Seconds... 7 7 eee ee ee ee 800°C" 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
Ie = 100 Ba, fe =0 


Visrjcro —_Collector-Base Breakdown Voltage 
Vier;ceo Collector-Emitter Breakdown Voltage lc = 30ma, 1, = 0, (See Note 4) 
Vieajeso —‘ Emitter-Base Breakdown Voltage Ie = 100 xa, Ie = 0 


lero Collector Cutoff Current Vos = 60 v, fe =0 
Vou = 60 y, le = 0, Ta = 150°C 


Vce = 10, le = 100 pa 

Vee = Wy, Io = 10 ma 

Vee = 10v, Ic = 150 ma, (See Note 4) 
Voge = 10v, Ie = 500 ma, (See Note 4) 
Vo =W0v, Io=I1a, (See Note 4) 
Voe = Vy, fc = 150 ma, (See Note 4) 
lp = 15ma, Ic = 150 ma, (See Note 4) 
Ip = 50ma, tc = 500 ma, (See Note 4) 
lp = 15ma, Ic = 150 ma, (See Note 4) 


le = 50 ma, Ic = 500 ma, (See Note 4) 


NOTES: 1. This vaiue applies when the base-emitter diode is open-circulted. 
2, Derate linearly to 200°C free-air temperature at the rate of 4.87 mw/C. 
3, Derate the 10-watt rating linearly to 200°C case temperature at the rate of 57.1 mw/C. 
Derate the 5-wett (JEDEC registered) rating linearly to 200°C case temperature at the rate of 28.6 mw/C. 
4. These parameters must be messured using pulse techniques, PW = 300 us, Duty Cycle < 2%. 
The JEDEC registered outline for these devices is TO-5, TO-39 falls within TO-6 with the exception of lead length, 
*JEDEC registered data. This data sheet contains all appilcable registered data in effect at the time of publication, USES CHIP N23 
t This value is guaranteed by Texas instruments in addition to the JEDEC registered vaiue which js also shown. 


hes Static Forward Current Transfer Ratio 


Vue Base-Emitter Valtage 


Vorjset)  Collector-Emitter Saturation Voltage 
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TYPE 2N3036 
N-P-N SILICON TRANSISTOR 


*electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS ee or 


|hte! Small-Signal Common-Emitter = = = 
Forward Current Transfer Ratio Mer MON le Ci: he ae 

Cob Common-Base Open-Circuit 
Output Capacitance 


Civ Common-Base Open-Circult 
Input Capacitance 


= 150 ma, fyiy = 15 ma, 


lyay = — 15 ma, 
Veco = —2.75v, B= 400, 
(See Figure 1) 


TVeltage ond current velues shown are nominal; exact values vory stightly with transister parameters. 


“PARAMETER MEASUREMENT INFORMATION 


+62 $4.75 vera 
INPUT 
4O'n al 


OUTPUT 

250 2 ate a lot. of 

INPUT Bi EE aor i a 
' ' 

{ ! 

10% “A t ' 1 
Nin to 
90% 90% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1 ——— SWITCHING TIMES 


WOTES: 0, The input waveform has the following choracteristics: 1, Sz nsec, ty S Vansec, PW = 500 nsec, Duty Cycle <= 2%. 
b. Waveforms are monitored on on oscilloscope with the fellowing characteristics: 1, SS 4 nsec, Ri, =e 100 kM, Ci, Ss 12 pf. 


“Indicates JEDEC registered dato 
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TYPES 2N3037, 2N3038 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 634251, AUGUST 1963 


FOR GENERAL PURPOSE AMPLIFIER AND SWITCHING APPLICATIONS 
e High Breakdown Voltage Combined With Very Low Saturation Voltage 
e DC Beta — Guaranteed From 100 xa to 500 ma 
© Electrically Similar to 2N2243 
@ Recommended for Complementary Use With 2N3039 and 2N3040 


*mechanical data 


ALL LEADS INSULATED 


FROM CASE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N2037 2N3038 

Collector-Base Voltage . 2. 2. 6. 1 1 6 eee ee tw 120v 100 v : 
Collector-Emitter Voltage (See Note 1). 2. 2 2 6 7 ee ee es 7Ov 60v 

Emitter-Base Voltage. 2. 2. 6 6 1 6 ee ee et te ee 7v 7v 

Collector Current. 2. 2. 2 6 1 ee ee ee we we te es <——- 500 ma ——- 

Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) <—— 360 mw ——> 

Total Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . <— 10w —-> 

Storage Temperature Range . . 2. 2-1 7 ee ee ee — 65°C to + 200°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


ee ee ee 


Vierjceo Collector-Base Breakdown Voltage | Ic = 100 jz, Ir = 0 Ee eee 
Viea}ceo Collector-Emitter Breakdown Voltage | Ic = 30ma, I, = 0, (See Note 4) [ 70 =| 6o | v | 
Vianjeso Emitter-Base Breakdown Votinge | fr = 100 pun, Ic = 0 Se eee 
Ves = 60 v, le =0 } | 0] sna | 
ccna adil Voo= Ov, k=O =i] Ol —‘10/ pa | 
levo__Emitter Cutoff Current [Va=5v bc=O | O10 ta 
Vee = 10, Ic = 10040 a ee 
‘ Voe=10v, lc =0ma, (SeeNote4) | 30 | 60 | 
be aren ee Vor = Wv, Ic = 150ma, (SeeNote4) | 40 120] 80 240] | 
perros Vee =v, Ic = 500ma,(SeeNote4) | 2 #«»| 0 | | 
Vor=1v, c= 150ma,(SeeNote4) | 25 = =| so | 
¥ ecaricuie Yoke Ik=1ma, Ic = 10ma 06 8608] 06 08] v | 
ee abpeai abcess ln= I5ma, Ic = 150ma, (SeeNote 4) [075  Vilo7s Vil v | 
; : Ip =a, Ic = 10ma a a 
Voeieat} Collector-Emitter Saturation Voltage n= Smo, Ic = 150 ma, (ee Note 4) | 035] oas| _v | 


NOTES: 1. This value appties when the base-emitter diode is epen-circuited. 
2. Derate linearly te 175°C free-air temperature at the rate of 2.4 mw/C°, 
3. Derate linearly t0 175°C case temperature at the rate of 6.67 mw/C°. 
4. These parameters must be measured using pulse techniques, PW = 300 usec, Duty Cycte =m. 


*\Indicates JEDEC registered dota 
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TYPES 2N3037, 2N3038 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


PARAMETER 


hi. Small-Signal Common-Emitter 


Input Impedance 


hoe Small-Signal Common-Emitter 
Output Admittance 
Small-Signal Common-Emitter 
Forward Current Transfer Ratio 
Common-Base Open-Circuit 
Output Capacitance 

Ge Common-Base Open-Circuit 
input Capacitance 


|hi.| 


bt Small-Signal Common-Emitter 
Forward Current Transfer Ratio 


TEST CONDITIONS 


[anor [anaes Ty 
PIN MAX 


Vee = Wy, Ic = 10 ma, f = 1 ke 180 1500 oh 
Vce = 10 v, Ic = 10 ma, f = Ike | 00 | 60 300 || 


s 


Vee = Wv, Ilo = 10 ma, f = 20me 


Vos = 10¥, Ie = 0, f = Ime 


Ves = O.5v, Ic = 0, f = Ime 


*switching characteristics at 25°C free-air temperature 


PARAMETER 


ty Delay Time 


Ie = 150 ma, (ay = 15 ma 


Yawn = 27508 = 00 rm 
calmed ee 


FVeltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


*PARAMETER MEASUREMENT INFORMATION 


+6.2¥ +4.75 vy == 
INPUT 
n 
es -2.75 ic Cs i 


OUTPUT zm ‘ I on 
250.0. 4 iat 
INPUT >t i a t be 
' ! 
{ t 
Shee 90% OUTPUT 
> (See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1 — SWITCHING TIMES 


NOTES: a. The input waveform has the fellowing choractoristics: t, < 1} msec, ty < I nsec, PW >> 500 msec, Duty Cycle <= 2%. 
b. Waveforms are menitered on en escillescope with the following cherecteristics: 1, <= 4 sec, Rj, => 100 ki, C, < 12 pf. 


"Indicates JEDEC registered dete 
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FOR GENERAL PURPOSE AMPLIFIER AND SWITCHING APPLICATIONS 


e High Breakdown Voltage Combined With Very Low Saturation 
Voltage 


e DC Beta — Guaranteed From 100 a to 500 ma 
@ Recommended for Complementary Use With 2N3037 and 2N3038 


*mechanical data 


ALL LEADS INSULATED 


FROM CASE 


*absolute maximum ratings at 25°C free-air temperature (unless: otherwise noted) 


2N2039 2N2040 
Collector-Base Voltage . . 2. 2. 1 1 ee ee ee é — 50v — 40v 
Collector-Emitter Voltage (See Note 1)... . 1. - - 6 eee ee 6 85 -Wv 
Emitter-Base Voltage . . 2. 2. 2. 6 6 6 ee ee ee ee - 5v -5v 


Collector Current 2. 6 6 1 6 ee ee ee ee <—--500 ma ——- 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) <——-360 mnw———- 
Total Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . <—10w —— 
Storage Temperature Range. 2. - 2 2 2 6 ee te es — 65°C to + 200°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Viericao Collector-Base Breakdown Voltage Ic = —100 aa, Ik = 0 
Vimjceo Collector-Emitter Breakdown Voltage Ic = —Wma, |, = 0, (See Note 4) 
Vierjeoo Emitter-Base Breakdown Voltoge ik = —100 pa, Ic = 0 


leso Collector Cutoff Current Yee Ny St 


Von = —-Ny, I = 0, Ta = 150°C 
levo__Emitter Cutotf Current pYe=—3v, Ic=0 | 
Vee = — 10, le = — 100 pra 


hee Static Forward Current Transfer Ratio { Vcg =—10¥, Ic = —150 ma, (See Note 4) 
Vee == 10v, Ic = —500 ma, (See Note 4) 
Vor = = 1¥, Ig = —150 ma, (See Note 4) 
; tp = —I ma, fe = —10 ma 
Ja) teen eee lp =—15 ma, Ic = —150 ma, (See Note 4) 


P= 25 
Vee =—10v, Ic =—Wma, (SeeNote4) | 20 ~~ | 
| 20 a0 | 
ps 


ts=-—1ma, le =—10me 
y 
cope, Collector Emitter Soteration Veltoge — [-| irs, ig = 1500, (See Note 4} 


MOTES: 1. This valve applics when the bese-omitter diode is open-circvited. 
2. Derate linearly te 175°C free-air temperature at the rate of 2.4 mw/C°. 
3. Derate linearly te 175°C case tompersture at the rate of 6.67 ww/C®, 
4. These parameters must be measured using pulse techniques. PW = 300 sec, Duty Cycle << 2%. 


indicates SEBEC registered date 
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TYPES 2N3039, 2N3040 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 634231, AUGUST 1963 
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TYPES 2N3039, 2N3040 
P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


eee Vee = —10y, be = —10 ma, f = The 60 600 
hte Small-Signal Common-Emitter = eee =] 
Forward Current Tronsfer Ratio sesamiae aod san Marea | m0 | 

. Geaike Vee = —10¥, le =—10 mo, f= The | as | 
|hte} © Smatlt-Signal Common-Emitter = a oo 

Forword Current Transfer Ratio Nea Sl les eh ee 

Cob Common-Base Open-Circuit 
Output Capacitance 


Cp Common-Base Open-Crevit 
Input Copacitence 


4 *switching characteristics at 25°C free-air temperature 


Gena 


te Fall Time (See Figure 1) 


FVottoge and current vatues shown are ominal; exact values vary slightly with transister parometers. 


“PARAMETER MEASUREMENT INFORMATION 


“6.2 +2.75v ee te 
INPUT 
ie 4,75 Vv wm 


I | 
OUTPUT sts bensel 
250.0 1 te 
INPUT mt, fe “i ' 
I 
I 
t 


= (See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1 — SWITCHING TIMES 


NOTES: a. The input waveform has the following characteristics: t. << 1 nsec, ty << V nsec, PW => 500 nsec, Duty Cycle << 2%. 
b. Waveforms are monitored on an esctilescepe with the following characteristics: ¢, SA nsec, R,, = 100k, C,, S12 pt. 


*Indicates JEDEC registered data 
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iN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N3043 THRU 2N3048 
DUAL N-P-N SILICON TRANSISTORS 


BULLETIN NO, DL-S 674208, AUGUST 1963--REVISED APRIL 1967 


DESIGNED FOR DIFFERENTIAL AMPLIFIERS AND HIGH-GAIN LOW-NOISE 
AUDIO AMPLIFIERS 


@ Electrically Similar to 2N2639-2N2644 Series 

© Individual Triodes are Electrically Similar to 2N929, 2N930 
@ Popular T0-89 Flatpack Facilitates High-Density Packaging 
@ Welded Metal Construction 


mechanical data 


*FALLS WITHIN 10-89 DIMENSIONS 


ALL LEADS INSULATED FROM CASE 
0.100 = 0.005 


a 


sane - a GLASS (2 SIDES) 


0.004 = 0.001 | 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


THODE DEVICE 
Collector-Base Voltage 2. 6 ee et tt 45v 
Collector-Emitter Voltage (See Note 1)... 2 2 6 ee ee ee es 45v 
Emitter-Base Voltage 2... 6 7 6 ee se ee eet ee et 5v 
Continuous Collector Current. © 5 6 6 ee ee et eee ee 30 ma 


Continuous Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) . . 250 mw 350 mw 


Continuous Dissipation at (or below) 25°C Case Temperature (See Note 3) . . . 0.7 w 14w 
Storage Temperature Range . - - ee ee tt tt —65°C to -+-200°C 
Lead Temperature % Inch from Case for 10 Seconds © - 7 6 ee ee et tts 230°C 


NOTES: 1. This valve applies when the base-emitter diede is open-circuited. 
2. Derate linearly te 175°C free-eir temperature at the rate of 1.67 mw/C® for each triode end 2.33 ww /C® for total device. 
3. Derate linearly to 175°C case temperature at the rate of 4.67 mw/C° for each triede end 9.33 mw/C® for totel device. 
“Indicates JEDEC registered dota 
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TEXAS IN STRUMENTS 4-183 


RPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES 2N3043 THRU 2N3048 
DUAL N-P-N SILICON TRANSISTORS 


electrical cheracteristics at 25°C free-air temperature (unless otherwise noted) 


“individual triode characteristics (see note 4) 


LMIN MAX | MIN MAX | 


Voge Enter dow Breakdown Votoge | = 10 aa, Te =O i ar es 


LL 
hindi == EA 
[Tag Ener Gietrtoren Way t=O 
be Se Forward Grmet “Tien = $0 te = Wa Ow | 
™ Trea ati EE 
Yos__Vow-tnw Volo —[Ver= Sv, le= Wma «ds 


ST [eek em ee 
Input Impedance 
Small-Signal Common-Emitter 
| foment cra Tamir ae | Y=S¥ = tm f= Te | oe 
Output Admittance 
Forward Current Transfer Ratio 
rl Ce 
Output Copacitance 


Vesta elegaia Saturation Ip = 0.5 ma, Ig = 10 ma Pree) 


Deer Static Forward-Current- Vee =5v, Ie = 10 pa, 
hee2 Gain Balance Ratio See Note 6 
Base-Emitter-Voltage- 


Vacs — Woes Differential 


Base-Emitter-Voltage: Vee=Sv, [eo = 10 pea, 
\4 Veci— Vee2) ar Ditfere . Ich sag Tainy = 25°C, Taya) = — 55°C 
rential Change 
(Vee1— Vee) a Fi g ea ; 


1 
sia beog Tain) = 25°C, Tag) = 125°C 


Operating characteristics at 25°C free-air temperature 


*individual triode characteristics (see note 4) 


PARAMETER ai ae] UNIT | 
NF Vee = Sv, tc = 10 pro, Re = 10k0, 
“ Ararat se Seas Noise Bandwidth = 15.7 ke, See Note 7 


NOTES: 4, The terminals of the triode not under test are open-circuited for the meesurement of these characteristics. 
5. This perameter must be mecsured using pulse techniques. PW == 300° sec, Duty Cycle <= 2%. 
6. The lower of the two hee readings is taken as heg,. 
7, Average Noise Figure is measured in on amplifier with low-frequency-respense dewn 3 db at 10 cps. 
*indicates JEDEC registered data 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N3049, 2N3050, 2N3051 
DUAL P-N-P SILICON TRANSISTORS 


BULLETIN NO, DL-S 674230, AUGUST 1963-—-REVISED APRIL 1967 


DESIGNED FOR DIFFERENTIAL AMPLIFIERS, LOW-NOISE AMPLIFIERS, AND 


LOW-LEVEL SWITCHING 
@ Each Triode Electrically Similar to 2N2411 and 2N2412 Transistors 


@ Popular T0-89 Flatpack Facilitates High-Density Packaging 


@ Welded Metal Construction 
mechanical data 


*FALLS WITHIN TO-89 DIMENSIONS 


ALL LEADS INSULATED FROM CASE 


capeer wee 
oe Sas OLASS (2 HOHE) 


! 
1 0013 = 0.005 
0.004 we.00r 
|___-ecen ses ae 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


EACH TOTAL 
TRIODE DEVICE 


Collector-Base Voltage . . Seg Ah Mb al oar wet: Glee eave =25v 
Collector-Emitter Voltage (See Note 1) GOS GAN. Sale cea ar a, cau oe ein wf ae Sareea -20v 
Emitter-Base Voltage .. é Seraph loys toc “ae 8s, Wa Met gee tay AS “eer eke -5v 
Continuous Collector Current ies . . ~100 ma 
Continuous Dissipation at (or below) 25°C Free-Air Temperature (See Note 2. . . 250mw 350 mw 
Continuous Dissipation at (or below) 25°C Case Tenperens ies Note 3)... . 0.7 w l4w 
Storage Temperature Range. . ; soe ew we OSES to + 200°C 
Lead Temperature % Inch from Case for 10 Seconds. . . . 230°C 


electrical characteristics at 25°C free-air temperature tcaless sthetvee mated) 


*individual triode characteristics (see note 4) 


fC PARAMETER CT CTEST CONDITIONS 
Vier ceo Collector-Emitter Breakdown Voltage | Ic = —10ma, |, = 0, See Note 5 


Collector Cutoft Current a= siy bt 
ic 
[lesa Emitter Cutoff Correat | Mes =—Sv, Ic=O0 
Vee =—Sv, Ie =—10 pea 
Voce = —S¥, Ie = — 100 pea 
hee Static Forward Current Transter Ratio | Voce =—Sv, te = ~1 ma 
Vos =—5v, Ico =—10ma, See Note 5 


Vee =—lv, le =—10ma 


hi Smalt-Signo! Common-Emitter 
" Input Impedance 
Small-Signal Common-Emitter 
Forward Current Tronsfer Ratio 


Small-Signal Common-Emitter 
Forward Current Tronsfer Ratio 
Common-Base Open-Circvit 
Output Copacitance 
NOTES: 1. This value applies when the base-emitter diode Is open-circuited. 

2. Derate linearly te 175°C free-air temperature at the rate of 1.67 mw/C° for each triode ond 2.33 mw/C° for total device. 

3. Derate linearly to 175°C case temperature at the rate of 4.67 mw/C° for each triods and 9.33 mw/C° for total device. 

4, The terminals of the triede not under test are open-circuited tor the measurement of these characteristics. 

5. These parameters must be measured using pulse techniques. PW == 300 usec, Duty Cycle < 2%. 


~ 


Veg =—Sv, Ilc=—Imo, f= 20Mc 


i 
8 
it 
( 
TEE SHEET fell 


Vos = —Sv, le =, f= 1Mc 


*Indicates JEDEC registered data 


TEXAS, I NSTRUMENTS 4-185 
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TYPES 2N3049, 2N3050, 2N3051 
DUAL P-N-P SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (uniess otherwise noted) 


*triode matching characteristics 


RAMETER TEST CONDITIONS 2N3050_ 
[| __MIN MAX | MIN MAX 
8 1 


PAI 
Deer Static-Forword-Current-| Veg = —Sv, Ico = —100 pas, | 0 


hee Gain Balance Ratio See Note 6 
Veer — Vee2| Base-Emitter-Voltage - _ 3. 
Differential Ya eile = = ye 


Voo=—5¥, Ic =—100pa, 
Tay = 25°C, Tay = ~ 55°C 
Vee = —5y, Ic = —100 ’ 
Tan) — 25°C, Taga) as iste. 


|4 (Vee: — Voe2)a1, | Base-Emitter-Voltage - 
Differential Change 
With Temperature 


NOTE 6: The lower of the two hpe readings is taken as heey. 
operating characteristics at 25°C free-air temperature 


*individual triode characteristics (see note 4) 


PARAMETER 
WF Average Noise Figure 


a NOTE 7: Average Meise Figure is measured in an amplifier with low-frequency-raspense down 3 db of 10 cps. 


TEST CONDITIONS 


Vee = —Sy, Io = — 100 pra, Re = 1k, 
Noise Bandwidth =- 15.7kc, See Note 7 


switching characteristics at 25°C free-air temperature 
*individual triode characteristics (see note 4) 


PARAMETER TEST CONDITIONS} 


Co) ree 
peas tanga ma 
See Figure 1 


TVoltage and current values shown are nominal; exact values vary slightly with transister parameters, 


“PARAMETER MEASUREMENT INFORMATION 


+1.20v 
| | INPUT 
3.30 V mw 


! | 
OUTPUT wt, let, * 
! sete aly te 
INPUT H | t ! 4 
wd. ' 
tae Cyt 6 pf 1 9% 9% AN output 
as ade 10% 10% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1 — SWITCHING TIMES 
NOTES: a. The input waveform has the following characteristics: t, << 1 nsec, ty <= T nsec, PW == 200 nsec, Duty Cyclo =. 


b. Waveforms are monitored on an oscilloscope with the following characteristics: t, << lmsec, Ri, => 100 k02, C),, <= Spt. The input impedance ef the escilloscope 
is Included in the values shown for R,, Total Collector Lead Resistance, and Cy, Total Collector Shunt Capacitance. 


“Indicates JEDEC registered data 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE SEST PRODUCT POSSIBLE. 


TYPE 2N3052 
DUAL N-P-N SILICON TRANSISTOR 


DESIGNED FOR MINIATURIZED APPLICATIONS REQUIRING DEVICES SIMILAR TO 
2N706, 2N708, 2N744, 2N753, 2N834, 2N914, ETC. 


© Popular 10-89 Flatpack Facilitates High-Density Packaging 
@ Welded Metal Construction 


mechanical data 


*FALLS WITHIM TO-89 DIMENSIONS 


ALL LEADS INSULATED FROM CASE 


—— MAX GLASS (2 SIDES) 
——_ 
0.004 = 0.001 2 es) ry = 0.005 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


EACH TOTAL 
TRIODE DEVICE 
Collector-Base Voltage . . 35 


Collector-Emitter Voltage (See Note 1). - 2 2. 6 6 2 6 te ee ee es 15v 
Emitter-Base Voltage . Swit 2 5v 
Continuous Collector Current 2... ee ee ee ee ee ee + 6200 ma 
Continuous Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). . . 250 mw 350 mw 


Continuous Dissipation at (or below) 25°C Case Temperature (See Note 3). . . . 0.7w 140 
Storage Temperature Range. . - - - 2 6 ee et tt tt 65°C to + 200°C 
Lead Temperature % Inch from Case for 10 Seconds. - . - se - ee es 230°C 


NOTES: 1. This value applies between 0 and 100 ma collector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 175°C free-air temperature at the rate of 1.67 mw/C® for each triede and 2.33 mw/C° for total device. 
3. Derate linearly to 175°C case temperature ct the rate of 4.67 mw/C® for each triede and 9.33 mw/C° for total device. 
4. The terminals of the triode not under test are epen-circuited for the measurement of these characteristics. 
5. These parameters must be measured using pulse techniques. PW = 300 usec, Duty Cycle < 2%. 

"Indicates JEDEC registered data. 


T EXAS. INSTRUMENTS 


NCORPORATED 
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BULLETIN NO. DL-S 674236, AUGUST 1963—REVISED APRIL 1967 


TYPE 2N3052 
DUAL N-P-N SILICON TRANSISTOR 


LL SSS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
*individual triode characteristics (see note 4) 


PARAMETER TEST CONDITIONS 
Viericeo Collector-Base Breakdown Voltage Ic = 10 po, lp = 0 
Vineyceo Collector-Emitter Breakdown Voltage Io = 10ma, Ip = See Note 5 
Vierjceo Emitter-Base Breakdown Voltage i, = 10 pa, 
Vos = 20 v, 
Vos = 20 v, = Ta = 150°C 
lees Collector Cutoff Current Voce = 20v, 
le Base Current Vee = 20, 
leso Emitter Cutoff Current 


leso — Collector Cutoff Current 


hee Static Forward Current Transfer Ratio le = 100 ma, See Note 5 


lc = 10ma 
1g = 10ma, Ic = 100 ma, See Note 5 
Js = Tmo, Ico = 10ma 
ls = 10ma, Ic = 100 ma, See Note 5 


Ic = 10ma, f= 100 Mc 


Ver Base -Emitter Voltage 


Vcejsatj Collector-Emitter Saturation Voltage 


|g] Small-Signal Common- Emitter 
Forward Current Transfer Ratio 
Cobo Common-Base Open-Circvit 
Output Capacitance 
Common-Bose Open-Circvit 
Input Capacitance 


Cibo 


switching characteristics at 25°C free-air temperature 
*individual triode characteristics (see note 4) 


Ie = 100 ma, 
Toys) = 10 ma, tea) = —10ma, 
Veejotn =-39 v, R = 940, 
See Figure 1 


te Fall Time 


‘TVoltage and current vatues shown are nominal; exect values vary slightly with transistor parameters. 


*PARAMETER MEASUREMENT INFORMATION 


+10,0v +5.0v —-— 
INPUT 
bate -3.90v i ee 
t 


OUTPUT I 
wt. be bot, ol 
th ie wit, ke 
INPUT OUTPUT io rt 
TO%R 3 ! 10% 
1 i 
90% 90% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1 — SWITCHING TIMES 


WOTES: a. The input waveform has the following characteristics: 4, <S 1 nsec, te << 1 nsec, PW => 300 nsec, Duty Cycle << 2%. 
b. Waveforms ore monitored on an oscilloscope with the following characteristics: 1, <1 nsec, R;, => 1004, C,, << Spf. 


*Indicates JEDEC registered data 
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TYPE 2N3053 
N-P-N SILICON TRANSISTOR 


BULLETIN NO. DL-S 7311957, MARCH 1973 
FOR HIGH-CURRENT, HIGH-DISSIPATION, GENERAL PURPOSE APPLICATIONS 
© High Current Capability ... 700 mA 
© High Dissipation Capability ...10W 
e fr... 100 MHz Min 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


CASE TEMPERATURE 
MEASUREMENT POINT 
IS CENTER OF SEATING 
SURFACE 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 6 6 we ee 
Collector-Emitter Voltage (See Note 1) 2 6 6 ee 
Collector-Emitter Voltage (See Note2) 6 6 6 ee eee es 
Emitter-Base Voltage 6 ww ee 

Continuous Collector Current 2 2 2 6 ee ee ee 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) ‘ 
Continuous Device Dissipation at (or below) 25°C Case Temperature (SeeNote4) . . ..-- ++ > 


Storage TemperatureRange 6 2. —65°C to 200°C* 
300° 
Lead Temperature 1/16 Inch from Case for 10Seconds 2 ©. ee ee ee ee ate 


*electrical characteristics at 25°C free-air temperature 
PARAMETER 


Collector Cutoff Current 


lego _ Emitter Cutoff Current [Veg=4V, Ic=O 


VcE=25V, Io= 160mA 


hee Static Forward Current Transter Ratio VcE=10V, Ic = 150mA See Note 5 so 260 | 
; Voce ~2.5V, I¢= 150mA 

v iaade if Sent Voltas | VoE=25V. Io= 1BOMA |. ote 5 
isa ae Ips 15mA,_Ic= 150mA 


VoElsat) __Collector-Emitter Saturation Voltage Ip=15mA, [c= 150 mA, See Note S fo] VY 
Small-Signal Common-Emitter 
Vee =10V, I¢=50mA, f= 20MH 
Fel Forward Current Transfer Ratio Ce c 7 : z fs | | 


Cobo Common-Base Open-Circuit Output Capacitance Vep710V, te=9, f = 140 kHz 
Cibo Commen-Base Open-Circuit Input Capacitance 


Vep=0.5V, I¢=0, f= 140 kHz 


NOTES: 1. This value applies between 0 and 700 MA collector currant when the base-emitter diode is open-circuited. The instantaneous 
product of collector-emitter voltage and collector current must not exceed & W for longer than 200 us at a 2% duty cycle. 
2. This value applies when the base-emitter resistance Rae <108. 
3. Derate linearly to 200°C free-air temperature at the rate of 5.71 mw/c. 
4. Derate the 10-watt rating linearly to 200°C case temperature at the rate of 57.1 mWw/°C. Derate the 5-watt (JEDEC registered) 
rating linearly to 200°C casa temperature at the rate of 28.6 mw/c. 
5. These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
The JEDEC registered outline for this device is TO-5. TO-39 falls within TO-6 with the exception of lead tength. 
*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
Tt These values are guaranteed by Texas Instruments in addition to the JEDEC registered vatues which are also shown. 


USES CHIP N13 
373 PRINTED IN U.S.A. 
TEXAS INSTRUMENTS 4-189 
INCORPORATED 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 6012 * DALLAS, TEXAS 75222 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


DESIGNED FOR USE AS HIGH VOLTAGE VHF AMPLIFIER 
@ Featuring 150-Volt Viexcco 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


05MIN 
ead eS: cast remrenatone | 20 
MEASUREMENT POINT 
ALL OIMENSIONS ARE 


oh O IN INCHES 


a UNLESS OTHERWISE 
Pte ine ; SPECIFIED 
DETAILS OF OUTLINE IN. i 

THIS ZONE OPTIONAL SEATING 


‘PLANE 


ALL JEOEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE ¢ 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . . é 
Collector-Emitter Voltage (See Note ‘ 
Emitter-Base Voltage . . . . 
Collector Current . . 


Continuous Device Dissipation ‘at or below) 25°C Free-Aic Temperature (See Note 2) 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . 


Storage Temperature Range. . . : arti 
Lead Temperature \%s Inch from Case 40% 10 Seconds ae 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


Collector-Base Breakdown Voltage 


Collector-Emitter Breakdown Voltage 


Emitter-Base Breakdown Voltage 


Vos = 100, 
Vou = 100v, 
Emitter Cutoff Current Ves = 4, 


Collector Cutoft Current 


= 100 uo, — See Note 4 


Static Forword Current Vee = 10, lc = 30ma, See Note 4 


Transfer Ratio = 10y, tc = 30ma, T= 55°C 


See Note 4 


Vee Base-Emitter Voltage Is = 5ma, lc = 50 ma 


Vcejsat;  Collector-Emitter Saturation Voltage | I, = 5 ma, lc = 50 ma 


NOTES: 1. This value applies between 1 ma and 30 ma collector current when the base-emitter diode is open-circulted. 
2. Derate linearly to 200°C free-air temperature at the rate of 4.57 mw/C. 
3 


TYPE 2N314 
N-P-N SILICON TRANSISTOR 


BULLETIN NO, DL-S 737397, MARCH 1965—REVISED MARCH 1973 


- + 150v* 
~ » 150v* 
« & «BM 
- « 200ma’* 
. « O8w"* 
‘ 10 wt 

: 5w* 


eee ew www we OEP to +200°C * 


» » 300°C” 


. Derate the 10-watt rating linearly to 200°C case temperature at the rate of 57.1 mw/°C. Derate the 5-watt (JEDEC registered) 


rating linearly to 200°C case temperature at the rate of 28.6 mw/°C. 
4. These parameters must be measured using pulse techniques. PW = 300 usec, Duty Cycle < 1%. 
*The JEDEC registered outline for these devices is TO-5. TO-39 falls within TO-5 with the exception of lead length. 
*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
tT This vatue is guaranteed by Texas Instruments in addition to the JE DEC registered value which is also shown, 
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TYPE 2N314 
N-P-N SILICON TRANSISTOR 


*electrical characteristics at 25°C free-air temperature 


THERMAL INFORMATION 


: FREE-AIN TEMPERATURE x CASE TEMPERATURE 
1 DISSIPATION DERATING CURVE { DISSIPATION DERATING CURVE 
1 12 
§ i 
2 To a 
0. 2 LJ 
§ 2 a4 
ge aL 
a] 
i. io 
§ : 7 
0. a 
1H 
1 i a] 
oe ea 


373 PRINTED IN U.S.A. 
TEXAS INSTRUMENTS 4-191 
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IM ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N3117 
N-P-N SILICON TRANSISTOR 


BULLETIN NO. DL-S 678876, JANUARY 1967 


DESIGNED FOR USE 
IN LOW-LEVEL, LOW-NOISE 
AMPLIFIERS 


© Guaranteed Low-Noise Characteristics 
at 10 Hz, 100 Hz, 1 kHz and 10 kHz 


e High Guaranteed h,, at 
I, =10 pA...250 Minimum 


*mechanical data 


THE COLLECTOR 1S IN ELECTRICAL 
CONTACT WITH THE CASE 


ALL JEDEC 10-18 DIMENSIONS AND 
WOTES ARE APPLICABLE 


“absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . . a cr .”? BZ 
Collector-Emitter Voltage (See Note 1) Be ei aa J Big tae Sa Oe, eee ee lee er i “tee Me es BOY 
Emitter-Base Voltage . 2 1 2. we ee ee ee ee BM 
Continuous Collector Current . . . soe ee SOMA 
Continuous Device Dissipation at (or below) 25°C Free-Air Teripardtgne (See Note 2) oe ew « 0.36W 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3). . . . . 1.2W 
Continuous Device Dissipation at 100°C Case eas see we ew we ww we 0,68 W 
Storage Temperature Range. . se ee ew ww ew we 65°C to 200°C 
Lead Temperature % inch from Case ne 60 Seconds: fo RD ee we ee we ew -900ER 


WOTES: 1. This vetue applies when the base-emitter dieds 1s open-circuited. 
2. Derate linearly to 200°C free-air temperature at the rate of 2.06 mW /deg. 
3. Derate tinearly te 200°C case temporature ot the rate of 6.85 mW/deg. 


Indicates JEDEC registered data 
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TYPE 2N3117 
N-P-N SILICON TRANSISTOR 


nel 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


[PARAMETER] CTEST CONDITIONS 
Vimjceo Collecter-Base Breakdown Vottoge | c= 10 uA, =O 
Viexjceo _Collector-Emitter Breakdown Volta Io = 10 mA, Ip = 0, See Note 4 


| MIN MAX | 


-E 


Emitter-Base Breakdown Vo pig= 1p Ic=O 


Vianje20 is <0 
if) 
lero Hector Cutoff Curreat Vos = 45V, b= 0, = 150°C 

Ikaq Emitter Cutoff Current We=5Y, Ie=O 


Vee = 5V, lc = 1 pA 
Vor =5V, Ic =10pA 
h Static Forward Current Transfer Ratio Vee = 5 Y, lo = 100 A 
[Vee =5V, Ic=tmA 


re 
Ciisa' “y 
ie 


L/ Collector-Emitter Saturation ¥i 


Small-Signat Common-Emitter 
hi Input Impedonce 

Smoll-Signol Common-Emitter 
be Forward Current Transfer Ratio 


Small-Signal Common-Emitter 

bre Reverse Voltage Tronsfer Ratio 
Small-Signal Common-Emitter 

hee Output Admittance 
Smail-Signal Common-E 

[he seed toa Te nes Voe = 5V, Ic = 0.5 mA, f = 30 MHz 

te Common-Base Open-Circuit 
Output Capacitance 

Gre paryharckac “= Ve =O5¥, tc=0, f= 140 kitz 


*operating characteristics at 25°C free-air temperature 


S 
s g 


Vee = 5V, = Ie = 30 pA, Ro = 10 

f= 10Nz, Note Bandwidth = 2 Hz 

Vea = 5¥, te = 30 HA, Re = 10 kG, 

f = 100Hz, —Nolse Bandwidth = 20 Hz 

Vea=5V, lo= SpA, Be = 50K, a | 
f= 1kilz, _Nolse Bandwidth = 200 Hz 

EL ae 


f= 10 kz 


eleleleiy [x 


NOTE 4: This poremeter mest be montured using poise techniquen 1, = 300 us, duty cycle s<% 


Indicates JEDEC registered dete 
373 PRINTED IN U.S.A. 2 
TEXAS INSTRUMENTS 4-193 
INCORPORATED 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N3244, 2N3245, 2N3467, 2N3468 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7310576, MAY 1968—REVISED MARCH 1973 


DESIGNED FOR HIGH-SPEED CORE-DRIVER APPLICATIONS 

High Dissipation Capability... 10 Watts at 25°C Case Temperature 
© High Vierceo ...50 V Min (2N3245, 2N3468) 

High Speed... 60 ns Max t; at 500 mA (2N3467, 2N3468) 

High Collector Current Rating...1 A 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


x 


0.8 MIN 


$8 2-BASE 
CASE TEMPERATURE 2-COLLECTOR 
(MEASUREMENT POINT 1-EMITTER 
wi | 
aM | 7/18 
pena ’ +a 
4 OETAILS OF OUTLINE IN “s 
THIS ZONE OPTIONAL 
me ALL DIMENSIONS ARE 
iN INCHES 


UNLESS OTHERWISE 
SPECIFIED 


ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE® 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1} 
Emitter-Base Voltage 

Continuous Collector Current 

Continuous Device Dissipation at (or below) 25°C 
Free-Air Temperature (See Note 2) 

Continuous Device Dissipation at (or below) 25°C 
Case Temperature (See Note 3) 


Storage Temperature Range 
Lead Temperature 6 Inch from Case for 10 Secon 
Lead Temperature \%s Inch from Case for 60 Seconds 


| 


NOTES: 1. These values apply between 0 and 1 A collector current when the base-emitter diode is open-circulted. 
2. Derate linearly to 200°C free-air temperature at the rate of 5.71 mW/*C. 
3. Derate the 10-watt TI value linearly to 200°C case temperature at the rate of 57.1 mW/C. 
Derate the 5-watt JEDEC value linearly to 200°C case temperature at the rate of 28.6 mW/°C. 


*The JEDEC registered outline for these devices is TO-5. TO-39 falls within TO-5 with the exception of lead length. 


*JEDEC registered data. This data sheet contains all applicable data in effect at the time of publication. 
T These values are guaranteed by Texas instruments in addition to the JEDEC registered values which are also shown, 


USES CHIP P12 


373 
4-194 TEXAS, INSTRUM ENTS 


TYPES 2N3244, 2N3245, 2N3467, 2N3468 
P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Collector-Base = = 
Vicro Breakdown Voltage lc = 10 pA, = 0 


Collector-Emitter 7. = 
VieRyce0 Breakdown Voltage le = —10 mA, |, = 0, See Note 4 


. Emitter-Base 
Vienje20 Breakdown Voltage 


le = —-10 pA, le =0 
Vos = —30 vy, k= 0 
Vos = 30V, k= 0, h= 100°C 


lev Collector Cutoff Current Voce = 304, Ve = 3 
lev Base Cutoff Current 
leso Emitter Cutoff Current Ves = 4 vy, Io 


lero —- Collector Cutoff Current 


Vee = -l Vv, le = —500 mA 


h Static Forward Current 
re Transfer Ratio Vee = —5¥, = —750 mA 


Ps a 
ered 
rae 

p= —I5mA, Ic = —150mA | = 
= Meine tow [pase = em| ef TT 
a a 


fp =—US mA, Ie = —150 mA 
le =—S0mA, bo = —500 mA 


al 
fe tein Rago [Yar =—0v, = —somd, Somes | S| 


y Collector-Emitter 
CE(set) Saturation Voltage 


iT 
Cro Qerat opciones | ven = —10¥, te = 0, f= 100 it 
Ce ane ve = -O5¥, l= 0, = 100 it 


NOTES: 4. These parameters must be measwred using pulse techniques. = 300 ys, duty cycle <%. 
5. To obtain fy, the |he,| response with frequency is extropoteted at the rate of —6 dB per ectave from f = 100 MHz te the frequency a which |hy,| = 1. 


*Indicates JEDEC registered data 


TEXAS INSTRUMENTS 4-195 


INCORPORATED 
POST OFFICE BOX 5012 + OALLAS, TEXAS 75222 


TYPES 2N3244, 2N3245, 2N3467, 2N3468 
P-N-P SILICON TRANSISTORS 


*switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS} 


ta Delay Time Ie = —500 mA, Ip) = —50 mA, Vecorn = 29, 


Q; —Sotal Control Charge 


FVoltages and current values shown are noming], exact values vary slightly with transistor Parameters, Nominal base current for delay ond rise times is calculated using 
the minimum values of Voge. Nominal base currents for storage and fall times are catculated sing the maximum value of Vee: 


*PARAMETER MEASUREMENT INFORMATION 


30 V 
590 nay. 
INPUT EY} ns Von = —10.75 V fer 2N3244, 243245 
200 0 OUTPUT Von =} Von = JOB Y for 209467, 23468 
INPUT elt ee 
—| ty | ed 
cai ane 


10% 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1 — DELAY AND RISE TIMES 


Veg == 0.5 V for 2N3204, 2nB245 

Vere = 8.8 V for 203667, 203460 

OUTPUT Hie Yon == 1S V fer 23244, 20245 
Von == 119 ¥ for 203467, 23468 


Z 
es 
C 


INPUT bm ty 
OUTPUT ! 
10% 
+3V = 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 2— STORAGE AND FALL TIMES 
C = 1400 pF for 243244 -30V INPUT te) 
C = 1200 pF for 2N3245 | 
= 600 pF for 2N3467, 203468 C 592 i—=— -10V 
OUTPUT OUTPUT = 
INPUT NOTE: Qy is less than the specified 
180 Q maximum valve when the transistor 


turns off monotonically as shown 
by the solid line, 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 3— TOTAL CONTROL CHARGE 


NOTES: 0. The input waveforms heve the following characteristics: 
For meosuring delay and rise times: t, < 2ns, ,= 200 ns, duty cycle = 2%. 
For measuring storage and fell times: ty S 5 ns, = 2 to 500 us, duty cycle = 2%, 
For measuring Qy: ty < 10 ns, 1, = 10 ps, duty cycle = 2%, 
4. Waveforms are monitored on om oscilloscope with the follewing charactoristles: t, < 1 ns, nS 


100 kQ, 6, < 7 pF. 


“Indicates JEDEC registered data 


PRINTED IN U.S.A. 373 
Tt cannot assume any sespensibility for any ciscyits shown 
-196 TEXAS INST RUM ENTS or represent that they ere free from Patent intringement. 
INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE, 


TYPE 0273244 
QUAD P-N-P SILICON TRANSISTOR 


BULLETIN NO, DL-S 7311704, APRIL 1972—REVISED MARCH 1973 


FAST, HIGH-CURRENT CORE DRIVER 


(TOP VIEW) 


e hfe... Guaranteed from 150 mA to 1A 
e V(BR)CEO...40V 


© VBE and VCE(sat) - . . Guaranteed from 
150 mA to1A 


e Guaranteed Switching Time at 500 mA 


mechanical data 


NOTES: 

a, The true-position pin spacing is 0.100 
between centerlines. Each pin center- 
line is located within 0.010 of its true 
longitudinal position relative to pins 4 
and 11, 


. Ail dimensions are in inches unless 
otherwise noted, 


Fails Within JEDEC T0-116 and 
MO-001AA Dimensions 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


EACH TOTAL 

TRIODE DEVICE 
Collector-Base Voltage 2 2. 1 1 1 1 ee ee -—40V 
Collector-Emitter Voltage (See Note 1) 2... 6 6 we ee ee —40V 
Emitter-Base Voltage 6g ww we -5V 


Continuous Collector Current 2 6 6 1 we ee -1A 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) .. . . oswt i.56wt 
Storage Temperature Range. 2. 1 we —55°C to 150°C 


Lead Temperature 1/16 Inch from Case for 10 Seconds ore A tay SEN end ee, Ee Rees ce + 260°C —+> 


NOTES: 1. This value applies between 0 and 1 A collector current when the emitter-base diode Is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rates of 4 mW/*C for each triode and 12 mW/C for the total device. 


TtPrevious editions of this data sheet showed higher power dissipation ratings which have been found to be in error. The new ratings correct these 
errors and do not represent product changes. USES CHIP P12 


TEXAS INSTRUMENTS 4-197 


ORPORA 
POST OFFICE st se12 + Beas! TEXAS 75222 


TYPE 0273244 
QUAD P-N-P EPITAXIAL PLANAR SILICON TRANSISTOR 


electrical characteristics at 25°C free-air temperature 


[Vieniceo GaleiorEinitr Breakdown Votags —[1¢==10ma_ig=0,__tea awed 
TgEv Coloctor Cato Caren 
Static Forward Current Transfer Ratio See Note 3 


Ig =-15mMA, Ico=—-150mA 
VBE Base-Emitter Voltage 'g=~-50mA, Ic=—500mA | See Note 3 
Ip=-—75mA, Io =—-750mA 


| 
VCE(sat)  Collector-Emitter Saturation Voltage See Note 3 
Ig =~-100mA, I¢=-1A 
h | Smali-Signal Common-Emitter 
by Forward Current Transfer Ratio 
Co Common-Base Open-Circuit Output Capacitance Veg =—-10V, IE=0, f=1 MHz 
Cipo Common-Base Open-Circuit Input Capacitance Vegp=—-O05V, I¢=90, f=1MHz 


Vce=—-10V, I¢=—-50mA, f= 100 MHz 1.75 


NOTE 3: These parameters must be measured using pulse techniques, ty, = 300 us, duty cycle < 2%. 
switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONST 
tg Delay Time Io =—500 mA, IB(4)=—-SOMA, VeE(oft) = 2 V. 


R= 598, See Figure 1 
t, Storage Time Io =—-500 mA, 1g(1) =—50 mA, Ip(2) = 50 mA, 
te Fall Time Re = 599, See Figure 2 


T Voltages and current values shown are nominal; exact values vary slightly with transistor parameters. Nomina base current for detay and rise 
time is calculated using the minimum values of Vge. Nominal base currents for storage and fall times are calculated using the maximum value 


of Vee- 
PARAMETER MEASUREMENT INFORMATION 
-30V -30V 
8. 
son sen IneuT 
42V “WV 
OUTPUT INPUT F200 o OUTPUT uh 
200 2 SAO TBM 200 2 el et 
H ft 
INPUT ag : INPUT output 90% KI 
© 10% 
90% 1N816 
oureur =| 
10% 
+3V 
TEST CIRCUIT VOLTAGE WAVEFORMS TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1-DELAY AND RISE TIMES FIGURE 2—STORAGE AND FALL TIMES 


NOTES: a. The input waveforms have the following characteristics: 
For measuring delay and rise times: ty & 2 ns, ty = 200 ns, duty cycle = 2%. 
For measuring storage and fall times: tr < 5 ns, ty, = 10 to 500 us, duty cycle = 2%. 
b, Waveforms are monitored on an oscilloscope with the fotlowing characteristics: ty < 1 ns, Rip, # 100 k2, Ci, < 7 pF. 


PRINTED IN U.S.A. 4978 
Ti cannot assume any responsibitity for any citcyits shown 
4-198 TEXAS IN ST RUM ENTS or represent that they are free from patent infringement. 
INCORPORATED 
POST OFFICE GOX 5012 « DALLAS. TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N3250, 2N3250A, 2N3251, 2N3251A 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 679650, MARCH 1967 


DESIGNED FOR LOW-POWER SATURATED-SWITCHING AND AMPLIFIER APPLICATIONS 
e Low-Level h,,: 80 Min at 100,,A (2N3251 and 2N3251A) 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE 


ALL JEDEC TO-18 DIMENSIONS AND 
NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N3250 2N3250A 
2N3251 2N3251A 
-60V 


Collector-Base Voltage. . 2. 2 2. 1 1 ee ee eee ee te -50 V 
Collector-Emitter Voltage (See Note 1). . 2. 2. 2. 2. 6 ee ee ee ee -40 V 60 V 
Emitter-Base Voltage Soe “6, byes Edy Meh ley ae tere ae rcen wel es Ser et -5V -5 V 
Continuous Collector Current. . - <—-200 mA—- 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) ~<— 0.36 W ——> 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3). ~<—— 1.2W ——> 
Storage Temperature Range . . . . . . .. -  awcis) ick Se at ode Me —65°C to 200°C 
Lead Temperature % Inch from Case for 60 Seconds . 2. 2. 2 1. 1 ww. 20°C > | 


*electrical characteristics at 25°C free-air temperature 


IMIN MAX|M N MAX|W q 2 LX 


Viericeo _Collector-Emitter Breakdown Voltage | Io = —10 mA, Is = 0, 
Vieryevo Emitter-Base Breakdown Voltage ie = —10 BA, Ic = 0 
Collector Cutoff Current 
Base Cutoff Current 


Static Forward Current Transfer Ratio 


Fan ie 


3 
Fy = Ati: 


= 


Voce =-] Vy, Io = —50 mA 
= -ImA, Ic = —10 mA 


‘i 
as 
& 

bie 


Base-Emitter Voltage 


Veejsat) Collector-Emitter Saturation Voltage 


Small-Signal Common-Emitter 

ie Input Impedance 
h Small-Signal Common-Emitter 
bed Forward Current Transfer Ratio 


Small-Signal Common-Emitter 
bre Reverse Voltage Transfer Ratio 

Small-Signal Common-Emitter 
hoe Output Admittance 


NOTES: 1. These values epply between 0 and 200 mA collector current when the bese-emitter diode is open-circulted. 
2. Derate linearly te 200°C free-air temperature at the rate of 2.06 mW /deg. 
3. Derate linearly to 200°C case temperature at the rate of 6.9 mW/deg. 


4, These paremeters must be measured wsing pulse techniques. = 300 jus, duty cycle < 2%. USES CHIP P23 
*indicates JEDEC registered data 


h 


TEXAS, INSTRUMENTS 4-199 


NCORPORATED 
POST OFFICE BOX 6012 * DALLAGB, TEXAS 75222 


TYPES 2N3250, 2N3250A, 2N3251, 2N3251A 
P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (continued) 


2N3250 2N3251 
ranameree |] —_ ter comomone [ABBE ANA | | 
[MIN MAX| MIN MAX| 
Small-Signal Common-Emitter = ~ 
Ine Forward Current Transfer Ratio { ¥° -20¥, Ic = -10 mA, f = 100 MHz pee ie ie 5 ay 
[ 300 | Ma 
[250] os 


fy Transition Frequency Voce = —20V, Ic = —10 mA, See Note 5 


= * 
= = eal 
| 280 | 


te, __Collector-Base Time Constant [Voce = —20V, Ic = —10 mA, f = 31.8 MHz 


NOTE 5: To obtain f,, the hye] response with frequency is extrapolated at the rate of —6 dB per octave from { = 100 MHz to the frequency at which [el = 


*operating characteristics at 25°C free-air temperature 


f pananeren anaaEoA 2A or | 
PARAMETER TEST CONDITIONS 
| MAX | MAX | 


NF Spot Noise Figure | Voe=—5V, Ic=—100uA, Ro =1kO,f= 00H | 6 | 6 [ wB | 


*switching characteristics at 25°C free-air temperature 


Ea Pods 
PARAMETER TEST CONDITIONS+ 2N3250A une 
| MAX | MAX | 


Ig = —10 mA, Igy = —I MA, Vaeiorn = 0.5 V, a 
Lt, Rise Time =| R. = 275 ©, Seo Figure 1 | 35 


a 
t, Storage Time to = —10 mA, ly = —T MA, bya) = TMA, [7s | 00 | ls 
[te FallTime | & = 275 Q, See Figure 2 | so Ts 


t¥oltage ond current valves shown are nominal; exact values vary slightly with transistor parameters. Nominal base current for delay end rise times Is calculated using the 
minimum valve of Vgc. Nominal base currents for storage ond fall times are cakulated using the maximum value of Vgc. 


*PARAMETER MEASUREMENT INFORMATION 

+0,5 Ve 

ind tne t eae INPUT 
210.6 Ver 


| OuTPuT 


0% 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1—DELAY AND RISE TIMES 


av HV 
280 10-500 us theton iNPuT 
OurPuT 1 == -10.9V 


‘ t, 
INPUT Sara! 
H et ke 
IND16 so Cy <4 pF 
{ Dy aie outut 
+ 10% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2 - STORAGE AND FALL TIMES 
NOTES: . The input waveforms are supplied by a generator with the following characteristics: 7.4 == 50 ©, duty cycle = 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: 1, < 1ns, Ri, 2 100 kD. 
*indicates JEDEC registered data 


PRINTED IN U.S.A. 37. 
Ti connot assume any responsibility for any circuits shown 
4-200 TEXAS INSTRUM ENTS or represent thot they are free from patent infringement. 
INCORPORATED 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPES 2N3252, 2N3253 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. OL-S 737436, MARCH 1965—REVISED MARCH 1973 


DESIGNED FOR HIGH-SPEED, HIGH-CURRENT SWITCHING APPLICATIONS 
mechanical data 


THE COLLECTOR IS IN 
om aeoenciuce ELECTRICAL CONTACT 
MEASUREMENT PORT WITH THE CASE 


ALL JEDEC TO-39 


oa DIMENSIONS ANO NOTES 
ARE APPLICABLE® 


DETAILS OF OUTLINE tn. 
THIS ZONE OPTIONAL 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
2N3252- 2N3253 


Collector-Base Voltage. 2. 2. 1. 1 1 we ee ke ee ke 60v"* 75v* 
Collector-Emitter Voltage (See Note 1). . . 2... 0... ee eee 30v* 40v"* 
Emitter-Base Voltage 6 ww ww ke et tk ee 5v* 5v° 
Collector Current. 2 6 1. ee we ee ee ke ek kk <— 10° 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) <—— 1 w*——> 


Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3). . _— {e wi _ 
w 

Storage Temperature Range . . 2 1 1 7 ww ke ke tk -65°C to +200°C* 

Lead Temperature \% Inch from Case for 60 Seconds . . 2... 1. ww. Xe 300°C > 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


a 
[Viscno Coleder aw tockdown Vohoge [ie= Wa k=O sid aw ts tv] 
ce 
SL Ld a a a BP 
Tl a Ce 
Voy = Ov, a= 0, a= riot | si aa 
es= Ov =O m= tOX | +s 7 | pe] 
ee 
[Ver =v, We Oy 
se es 
Weg = 00v, We mtv OT pe] 
[Tino tities Gol Goren a= 4y, te= Od TT or] 
ves = Vv, le = 150 0] es ee 
Paw as 
Tver =5¥, le=te | Eee 0 eee Gane 
= 15me,_le = 150 ma aE 5 a 
Paris rs 
se 
T= 15m, le = 150 Pt as 
as a 
ee ee ee 
[i Tranion Frequency | Ver= Iv, le = Sma, Sealon S| WO [31 
Commen-Boe Opon- Creal Ya= iv wae tate [a] 
 ciwttaetee PRES Pe rt 


Same [ertieece em |e] fa 


NOTES: 1. This value applies between 0 and 1 « collector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 200°C free-air temperature at the rate of 8.71 mw/C. 
3. Derate the 10-watt rating linearly to 200°C cease temperature at the rate of 57.1 mw/°C. Derate the B-watt (JEDEC registered) 
rating linsarly to 200°C case temperature at the rate of 28.6 mw/°C. 
4. These parameters must be measured using pulse techniques. PW = 300 usec, Duty Cycle < 2%. 
6. To obtain fy, the hte] response with frequency is extrapolated at the rate of —6 db per octave from f = 100 Mc to the frequency 
at which fnz_|= 1. 
*The JEDEC registered outline for these devices Is TO-5. TO-39 falls within TO-5 with the exception of lead length. 
“JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of Publication. 
tThis value is guaranteed by Texas Instruments in sddition to the JEDEC registered value which is also shown. USES CHIP N13 
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TEXAS INSTRUMENTS 4-201 


NCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


TYPES 2N3252, 2N3253 
N-P-N SILICON TRANSISTORS 


el 


*switching characteristics at 25°C free-air temperature 


vane | __re conomonss PRET ERET er] 


= 500 mo, lau = 50 ma, Veejorn = —2y, 
R= 590, See Figure } 


ft. Rise Time 
fo = 500.mo, far = ta) = 50 mo, 
ry Felltime SSS 890, Sew gue 2 
Q, Total Control Charge lc = 500ma, |, = 50ma, See Figure 3 


[Voltage end current velves shewn are nominal; exact valves vary slightly with transistor parameters, 


*PARAMETER MEASUREMENT INFORMATION 


+ v . 
59Q 
OUTPUT OUTPUT 
200 
(NPUT {INPUT 
TEST CIRCUIT 
+H10.7 0 —— +1b.3v 
iNPUT | (NPUT 
-2v -8.7v~——- = 
—el tg tc i 
[aot ty ee mh el 
| 1 mind ty oe 
T \ 1 HF 10% 
OUTPUT ! ' OUTPUT 
90% W% 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
FIGURE 1 — DELAY AND RISE TIMES FIGURE 2 — STORAGE AND FALL TIMES 
+Wv 
mae H10¥ 
500 pf 598 INPUT | | 
OUTPUT “9 4. 1 540 mec 
INPUT i] ' 
180 Q T 10% | ~o7 
OUTPU’ 90% > 
VOLTAGE WAVEFORMS 
TEST CIRCUIT 
NOTE: Qy <5 ncb when the transistor turns off monotonically as shown by the solid line. 
FIGURE 3 — TOTAL CONTROL CHARGE 
NOTES: @. The input waveforms have the following characteristics: 
For meesuring delay ond rise times; 1, < 2 nsec, PW 2 200 nsec, Duty Cycle < 2%. 
For mearsring storage and fall times; ty < 5 nsec, PW = 10 te 500 jusec, Buty Cycle < 2%. 
For measuring Gy; ty << 10 nsec, PW = 16 ysec, Duty Cycle = PK. 
b. Waveforms ere monitored on on oscilloscopes with the following cherecteristies: 1, < Vnsec; Ri, > 100 kQ, ¢, <7 pt. 
*Indicates JEDEC registered data 
PRINTED IN U.S.A. 373 
TI cannot assume any responsibility for any circuits shown 
4-202 TEXAS IN STRUMENTS or represent that they are free from potent infringement. 
INCORPORATED 
poet! OFFICE Wx 601d’ JOALLAG, TEKAS 7u2a8 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


JN ORDER. 10 (MPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


*mechanical data 


TYPES 2N3329 THRU 2N3332 
P-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. DL-S 644905, MARCH 1964 


FOR SMALL-SIGNAL, LOW-NOISE APPLICATIONS 


@ Active Elements Insulated from Case 
© High Input Impedance (> 5 megohms at 1 kc) 


THE ACTIVE ELEMENTS ARE 
ELECTRICALLY INSULATED 
FROM THE CASE 


ALL JEDEC 10-72 DIMENSIONS 
AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Continuous Forward Gate Current . ee ew we 6610 ma 
Total Device Dissipation at (or below) 25°C Free-Air Temperature ‘(See Note 0 oe er) Ge ce OLB LW 
Storage Temperature Range. . . . eee +. «65°C to +200°C 


*electrical characteristics at 25°C free-air icdastaturs. waileas ctherwise noted) 


PARAMETER 


less Gate Cutoff Current 


vm Gote-Source Breakdown Voltage 
Gate Cutoff Current Yog = 10¥, 


TEST CONDITIONS} 


al 
i) 
ei 


Yps = 
Vos = ; 
Vos = 0, 
Yes = "0", 7." 150% 


lig =u, Ys=0 | 


pion 


TZero-Gate-Voitage Drain Current 


Yo, = —l0v, Vos = 9 


Ves Gote-Source Cutoff Voltage 


Yps = VS, typ = 10 no 


‘ps Static Drain-Source Resistance 


Ip = 100 pa, Vos = 0 


Wiel Input Admittance 


Small-Signal Common-Seurce 


Small-Signal Common-Source 
I¥4l Forward Transfer Admittance 


eal Output Admittonce 


\ \ Small-Signal Common-Source 
Yes Reverse Transfer Admittance 


Sma!l-Signal Common-Source 


| | Small-Signal Common-Source 
Mts Forward Transfer Admittance 


Input Capacitance 


Common-Source Short-Circuit 


*operating characteristics at 25°C free-air temperature 


NF Spot Noise Figure 


Yps = —5¥, ip = —T ma, 
f =1ke, Re = TNO 
Yps = Sv, Ip = —] ma, 
§ = WW eps, Re = 04d 


NOTE 1: Derate linearly to 175°C free-air temperature at the rate of 2 mw/C°. 


203329 


NOTE 2: fy = —\ma 


== 


‘TThe fourth lead (case) is connected to the source for all measurements. 


*tndicates JEDEC registered data. 


USES CHIP JP71 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE SEST PRODUCT POSSIBLE. 


TYPES 2N3347 THRU 2N3352 
DUAL P-N-P SILICON TRANSISTORS 


BULLETIN NO, DL-S 7211681, MARCH 1972 


TWO P-N-P TRANSISTORS IN ONE PACKAGE 


e Each Triode Electrically Similar to 2N2604 and 2N2605 Transistors 
e Recommended for Low-Noise, High-Gain Differential Amplifiers 
e Designed for Complementary Use with 2N2639 through 2N2644 Dual N-P-N Transistors 


*mechanical data 


ALL LEADS INSULATED FROM CASE 


Winabe Dimensions without tolerance desig- 

oie nate true position. Leads having maxi- 

Bare OA et mum diameter (0.019) measured in 
gaging plane 0.064" +0.001" -0.000" 
below the seating plane of the device 
shail be within 0.007” of their true 
position relative to a maximum width 
tab. 


. COLLECTOR 1 
. BASE 1 

. EMITTER 1 

. EMITTER 2 


|= | 


ALL DIMENSIONS ARE IN INCHES . BASE 2 
UNLESS OTHERWISE SPECIFIED . COLLECTOR 2 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


EACH TOTAL 
TRIODE DEVICE 


Collector-Base Voltage . . 6: alenkil S oe ey Ms he Bk cay oe as, ab ey tae ae ~-60V 
Collector-Emitter Voltage (See Note 1) peat Te aaeecae th cod Mgr a a oe ae NaS AAT ge eh Me —-45V 
abil te Ogi PA aN A -6V 
Continuous Collector Current . . . . . 680M A 
Continuous Device Dissipation at (or below) 25° C Free-Air Temperature (See Note 2) emus O3W O06W 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note3) .... . 0.6 W 1.2W 
Storage Temperature Range . . PESOS le Mag De Meee a —65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds. Seer Ne AB ps tar tate Sexes Bate 4p «230°C —» 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 178°C free-air temperature at the rates of 2 mW/°C for each triode and 4 mw/* C for total device. 
3. Derate linearly to 175°C case temperature at the rates of 4 mW/C for each triode and 8 mW/°C for total device. 


* JEDEC registered data. This date sheet contains ali applicable registered data In effect at the tima of publication. 


USES CHIP P19 


nn 
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TYPES 2N3347 THRU 2N3352 
DUAL P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
individual triode characteristics (see note 4) 


2N3347 | 2N3360 
PARAMETER TEST CONDITIONS Sere. | crcsaee (UNIT 
V(BR)CBO Collector-Base Breakdown Voltage Ic=-10uA, Ig =0 eo = |-6o-—s | sv i 
VIBRICEQ Collector-Emitter Breakdown Voltage I¢=—10mA, Ig =0, See Note 5 
V(BRIEBO Emitter-Base Breakdown Voltage le=—-10unA, I¢=0 
Vog = —45 V, 
IcBo Collector Cutoff Current cs eee 3 Se eRe) 
Von" —45V.ie=0, Tan tere] vo] _—10 
lego Emitter Cutoff Current Veg=-6V, I¢*0 a) a) 
=—5V, Ic=—i 
h Static Forward Current Transfer Ratio VcE Se ous 
Vee ==8V,_ig=—tmA a 
VCEl(sat) _ Collector-Emitter Saturation Voltage Ip=—0.5mA, tc =—10mA 0.5 


g 
g 


FE 
VBE Base-E mitter Voltage Vc—E=-5V, I¢=—-10mA f 
hie Small-Signal Common-Emitter Input Impedance 
Smail-Signal Common-E mitter 
Vce =—-5V. le*=-1 f=1kH 
Me Forward Current Transfer Ratio Canreye le mn a 
Noe Small-Signat Common-Emitter Output Admittance 
Small-Signal Common-Emitter 
Vce=-5V, Ic*-1 . *=30MH 
rel Forward Current Transfer Ratio ce~—6 s ‘gs sai 
Cobo Common-Base Open-Circuit Output Capacitance Vcep=-5V, Ie=0, f= 1MHz 
Cibo Common-Base Open-Circuit Input Capacitance Veg *—0.5V, Ic =0, f=1MHz 


ee lel Ed BEB 


MAR 
HN 


triode matching characteristics 
2N3347 | 2N3348 
PARAMETER TEST CONDITIONS 2N3361 
hee1 Static Forward-Current- Vce=—-5V, !¢=—10KA. 
he Gain Batance Ratio See Note 6 
BE1—YBE2 Base-E mitter-Voltage Differential VceE=-5V, I¢=—10HA 


Vce=—5V, I¢=—10HA, 
Tali) = 28°C, Tata) = —55°C 
Voce =-5V, Ic=—10nA, 

Tati) = 28°C, Taya) = 128°C 


Base-E mitter-Voltage- 
\4(Vge1—VeeE2)aTa| Differentiat Change 
with Temperature 


lel le 
lela: 


ele 


*operating characteristics at 25°C free-air temperature 
individual triode characteristics (see note 4) 


PARAMETER TEST CONDITIONS 
= im Voe=—5V, I¢=—10nA, Rg= 10kQ, 
F Ausra Howe Figure Noise Bandwidth = 15.7 kHz, See Note 7 


NOTES: 4. The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 
5. This parameter must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
6. The lower of the two bre readings is taken as heey. 
7. Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency rolloff 
of 6 dB/octave. 


*JEDEC registered data 


73 PRINTED IN U.S.A. 
TEXAS INSTRUMENTS 4-205 
INCORPORATED : 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME ~~ POST OFFICE BOX. 5012 « DALLAS, TEXAS 75222 


IM OROER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES A5T3391, A5T3391A, AST3392, 
ATT3391, A7T3391A, A7T3392, A8T3391, A8T3391A, A8T3392 
N-P-N SILICON TRANSISTORS 


BULLETIN NO, OL-S 7311931, MARCH 1973 


SILECTT TRANSISTORS? 
For Small-Signal Amplifier Applications 


Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 
Pin-Circle Configuration 


e A7T3391, A7T3391A, and A7T3392 are Plug-In Replacements for 2N3391, 
2N3391A, 2N3392 (TO-98 Package) 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


A5T3391, AST3391A, A5T3392 


+ 0.002 


iL 
0.017 ~0.001 oIA. 
) 3 LEADS 
0.500 MIN: x 


3- COLLECTOR 


. Lead diameter is not controlied in this area. 

B. Leads having maximum diameter (0.019) shall be within 0.007 of their true 
positions measured In the gaging plane 0.054 below the seating plane of the 
device relative to a maximum-diameter package. 

. All dimensions are in inches. 


A7T3391, A7T3391A, A7T3392, A8T3391, A8ST3391A, A8T3392 


+0.005 


0.050 {NOTE A} Fae ~0.035 
a 0.100 +0.008 Fee +0.005 


Tee A7T3391 A8T3391 
A7T3391A A8T3391A 
A7T3392 A8T3392 


(ten 
5 o. tos 
L. 9,200 | 1, 
13.238 0.500. MN: 0.050 = 0.005. 


3 LeaDs 0.017 * 8.98? 


NOTES: A. Lead diameter is not controlled in this area. 
B. All dimensions are in inches, 


ALL JEDEC TO0-92 DIMENSIONS AND NOTES ARE APPLICABLE 


LEADS 
ICE 
A7T3391, A7T3391A, A7T3392 | Emitter Collector Base 
A8T3391, A8T3391A, A8ST3392 | Emitter Base Collector 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage .. . Sg es ie ed wt Se Sh ae Ske. Sed GE wa A a ZB 
Collector-Emitter Voltage (See Note 1). Sapa igs aw Manton shteglnntonadteacs Pht diy Mech MUAY ea SPINS Grok yh Ai Seed OM 
Emitter-Base Voltage 20 6 1 eee ee ee) 6B 
Continuous Collector Current . .. . woe ee ee ee» T0O0MA 
Continuous Device Dissipation at (or below) 25° c Free- Air “Tera peratre (See Note 2) ee eh aay . . 625 mW 
Storage Temperature Range. DASE Arsh a> ae Mine Ge ck tb. O Leb ote, Ayah ke ” 65° C to 150°C 
Lead Temperature 1/16 inch from Case tor 10 Seconds Si Seng celle Rey se Shan Gein at ne: GBs eh sean etna tae “G2BO.G' 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C at the rate of 5 mw/*C. 
t Trademark of Texas Instruments 


Fu.s. Patent No. 3,439,238 USES CHIP N21 


373 
4-206 TEXAS INSTRUM ENTS 
CORPORATED 
‘POST OFFICE BOX S012 e DALLAS, TEXAS 75222 


TYPES AS13391, AST33S1A, A5T3392, 
A7T3391, A7T3391A, A7T3392, A8T3391, A8T3391A, A8T3392 
N-P-N SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


ic =1mA, igp=0 
V(BR)CEO Collector-Emitter Breakdown Voltage 


[Voe=25V, tp=O | 00] 100) 
| Collect tf 
cao or Cutoff Current Vep=25V, igs 0, Tas 10°C] 10] 10] 


lEBo Emitter Cutoff Current Veg SV, lc=0 
hee Static Forward Current Transfer Ratio VcE=4.5V, IG=2mA | 250 500] 150° 300] 


I1-Signal C -E mitte: 
SESH a CRNA E NTE VcE=4.5V, I¢=2mA, f=1kHz | 280 800 
Forward Current Transfer Ratio 


Common-Base Open-Circuit 
Cobo Vep*10V, Ig¢=0, f = 1 MH: 
Output Capacitance == : : P22 a 


NOTE 3: This parameter must be measured using pulse techniques. ty, = 300 ys, duty cycle < 2%. 


operating characteristics at 25°C free-air temperature 


A5T3391 
A7T3391 
A&8T3391 
AST3391A 
A7T3391A 


TEST CONDITIONS 


PARAMETER TEST CONDITIONS 


ae ee Voce =4.5V, Ic = 100 nA, Rg = 500 2, 
F A Noise F 


NOTE 4: Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency rolloff of 
6 dB/octave. 


THERMAL INFORMATION 
DISSIPATION DERATING CURVE 


P7—Maximum Continuous Device Dissipation—mW 


0 25 50 75 100 125 150 
Ta—Free-Air Temperature—C 
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TEXAS INSTRUMENTS 4-207 
INCORPORATED 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


4- 


TYPE 2N3444 
N-P-N SILICON TRANSISTOR 


BULLETIN NO, DL-S 737437, MARCH 1965-REVISED MARCH 1973 


DESIGNED FOR HIGH-SPEED, HIGH-CURRENT SWITCHING APPLICATIONS 
mechanical data 
THE COLLECTOR 18 IN ELECTRICAL CONTACT WITH THE CASE 


— 08MIN re 
Gage IEMpERATURE et S-GOLLECTOR 
SERENE PHI emt, §=ALL OIMENSIONS ARE 


—#¥ IN INCHES 
18 Afton if eee UNLESS OTHERWISE 
4 + SS 


SPECIFIED 
a) 


- 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage. 6 6 ee ee we ee ww BON" 
Collector-Emitter Voltage (See Note 1). 6 6 6 ee ee ee ew ee » « « 50v" 
Emitter-Base Voltage. 6 ww ee te et 5 bod ve BP eh Melee Mee oh gee es 
Collector Current. 2. 0. 6 et ee ee ee we ee . la’ 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) . . . . « Tw” 

t 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3). . . . . 7 . * 
Storage Temperature Range 2 6 6 1 ee ee ew ww + BPE to 200°C * 
Lead Temperature % Inch from Case for 10 Seconds . . - . . 1 ee Stee 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Vieajceo Collector-Base Breakdown Voltage Ic = 10 xo, = 0 
Viariceo Collector-Emitter Breakdown Voltage le = 10ma, ly = 0, See Note 4 
Vinajevo Emitter-Basa Breakdown Voltage le = 10 y0, Io =0 

[Ves= Ov, =O 


lewo Collector Cutoff Current Vea = 60v, Ip =0, Ta = 100°C 


Icey Colle Goat Corot DP e= Ov Vee —ty 
Inv Base Cutoff Coron pra = Wy easy 


Static Forward Current Transfer Ratio 


Vos = 1, Ie = 150 ma 
Vee = Vv, Ic = 500 mo 


I, = 15ma, Ico = 150ma 
I, = 50 ma, lc = 500 ma 07 
', = 50 ma, fe = 500 ma 


Ip = 100 ma, tc = 1a 


83 
ia 


Base-Emitter Voltage 


Collector-Emitter Saturation Voltage 


fr Transition Frequency Voce = 10¥, Ic = 50 ma, See Note 5 | 150s] Me 
Common-Bose Open-Grevit = = = 

a a 
- Commeon-Base Open-Circuit os oo = 

Go palpi Va=05y te=0, f= 100K =| ao | at | 


NOTES: 1. This value applies between 0 and 1 a collector current when the base-emitter diode is open-circuited. 
. Derate linearly to 200°C free-air temperature at the rate of 5.71 mw/°C. 
. Derate the 10-watt rating linearly to 200°C case temperature at the rate of 57.1 mw/°C. Derate the 5-watt (JEDEC registered) 
rating linearly to 200°C case temperature at the rate of 28.6 mw/°c. 
4. These parameters must be measured using pulse techniques. PW = 300 ys, Duty Cycle 2%. 
5. To obtain fz, the |hge| response with frequency is extrapolated at the rate of —6 db per octave from f = 100 Mc to the frequency 
at which |h¢g| = 1. 

®The JEDEC registered outline for these devices is TO-5. TO-39 falls within TO-5 with the exception of lead tangth. 
*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


tT These values are guaranteed by Texas Instruments in addition to the JEDEC registered values which are also shown, USES CHIP N13 
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TYPE 2N3444 
N-P-N SILICON TRANSISTOR 


‘switching characteristics at 25°C free-air temperature 


|____ PARAMETER, | yo MAX NIT 
| ty Oeloy Time 


Te = $00 ma, lui) = SOma, Vosin = —2v, | WS Tse 
Lt Rise Time | = 590, See Figure es ee ee 
Lt. Storage Time | be = 500-mo, tari) = —tayny = 50ma, a ee ee ee 
R= 5922, See Figure 2 a es 


Q; _ Total Control Charge Ic = 500 mo, lp = 50 ma, See Figure 3 a 


‘FVoltage and current values shown gre nominal; exact values vary slightly with transister parameters, 


*PARAMETER MEASUREMENT INFORMATION 


+Dv 


592 
OUTPUT 


TEST CIRCUIT 


H0.7v—— 
a 
ta 
aed the 
q 


u ' 


0% 
90% 
VOLTAGE WAVEFORMS 
FIGURE 1 — DELAY AND RISE TIMES 


+v 
500 pf 592 
OUTPUT 
(INPUT : 


TEST CIRCUIT 


+30 v 
592 
OUTPUT 
200Q 
INPUT 
Jv = 
TEST CIRCUIT 
H1.3v 
B70 me -j 
wi |, be 1 

elise 

1 FF io 
90% 
VOLTAGE WAVEFORMS 


FIGURE 2— STORAGE AND FALL TIMES 


m—— HOV 
ol LL 
IN ‘ 
outPuT iy See 
2% Lu” 


ee tebe" S40 nsec 
VOLTAGE WAVEFORMS 


NOTE: Qy< 5 ncb when the transistor turns off monotonically os shown by 


the solid line. 


FIGURE 3— TOTAL CONTROL CHARGE 


NOTES: a. The input waveforms have the follewing characteristics: 


For measuring delay and rise times; 1, < 2 nsec, PW > 200 nsec, Duty Cycle < 2%. 
For measuring storage end fall times; t, < S nsec, PW = 10 to 200 yusec, Duty Cycle <M. 


For measuring Q;; ty < 10 nsec, PW = 10 psec, Buty Cycle < 2%. 


b. Waveforms are monitored on on oscilloscope with the follewing characteristics: t, <<} nsec, Ri, = 100 kM, C, S 7 pf. 


*Indicates JEDEC registered data 
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TI cannot assume any responsibility for any circuits shown 
or represent that they are free from patent infringement. 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


4.209 


TYPES 2N3458, 2N3459, 2N3460 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. OL-S 7011297, APRIL 1970 


FOR INDUSTRIAL AND CONSUMER 
SMALL-SIGNAL, LOW-NOISE 
APPLICATIONS 


*mechanical data 


THE GATE IS IN ELECTRICAL CONTACT WITH THE CASE 


ALL JEDEC TO-18 DIMENSIONS 
AND NOTES ARE APPLICABLE 


7/88 ALL DIMENSIONS ARE IN INCHES 
\ 3 UNLESS OTHERWISE NOTED 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage 2. 2 6 1 6 ee Fatgh cs VEL yer. ane? Qorde fener. 50V 
Reverse Gate-Source Voltage. 6 6 6 6 ee ee ee ee -50V 
Continuous Gate Current 2 6 1 1 we ee ee ee Warman’ 10 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note RP. Sg dich et eo See 300 mW 
Storage TemperatureRange «ww we —65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds .... . las Nar. a Nets haath pernté. Sarees eels .. . 300°C 


NOTE 1: Derate linearly to 200°C free-air temperature at the rate of 1.71 mW/°C. 
*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


USES CHIP JN51 


a ll 


4-210 TEXAS INSTRUMENTS 


CORPORA 
POST OFFICE ts 6012 « DALLAS, TEXAS 75222 


TYPES 2N3458, 2N3459, 2N3460 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Vos = 20 V, Ip=1nA 


_ Ip=1pA 
Zero-Gate- Voltage 
Drain Current See Note 2 
Small-Signal Common-Source| Vpg = 20 V, 
Forward Transfer Admittance] f= 1 kHz, See Note 3 
Vos = 10V, Ves = 9, 
f= 1MHz 


'Ipss 


ves! 


Common-Source 
Short-Circuit 
Input Capacitance 


CGommon-Source 

Coss Short-Circuit 
Output Capacitance 
SmalltSignal Common-Source 


Sos Output Conductance 


PARAMETER TEST CONDITIONS 


Vos = 10V, Ves = 90, 
Rg =1M2Q, f = 20 Hz, 
Noise Bandwidth = 6 Hz 


Common-Source 
Spot Noise Figure 


NOTES: 2. This parameter must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%, 
3. These parameters must be measured with bias conditions applied for less than 5 seconds to avoid overheating. 
4. Cogs is defined as the imaginary part of small-signal common-source output susceptance divided by 27f, 


*“JEDEC registered data 


i ee a 


470 PRINTED IN U.S.A. 
TEXAS INSTRUMENTS 4-211 
is INCORPORATEO 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N3244, 2N3245, 2N3467, 2N3468 
_-P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7310576, MAY 1968—REVISED MARCH 1973 


DESIGNED FOR HIGH-SPEED CORE-DRIVER APPLICATIONS 

High Dissipation Capability... 10 Watts at 25°C Case Temperature 
High Vienceo ...50 V Min (2N3245, 2N3468) 

High Speed...60 ns Max ts at 500 mA (2N3467, 2N3468) 

High Collector Current Rating...1 A 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


ALL DIMENSIONS ARE 
iN INCHE: 
UNLESS OTHERWISE 
SPECIFIED 


ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE® 


Emitter-Base Voltage 
Continuous Collector Current 


Continuous Device Dissipation at (or below) 25°C 
Free-Air Temperature (See Note 2) 


Continuous Device Dissipation at (or below) 25°C 
Cosa Temperature (See Note 3) 


Storage Temperature Range 


NOTES: 1, These values apply between 0 and 1 A collector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 200°C free-air temperature at the rate of 5.71 mw/*c. 
3. Derate the 10-watt T} value linearly to 200°C case temperature at the rate of 57.1 mw/c. 
Derate the 5-watt JEDEC value linearly to 200°C case temperature at the rate of 28.6 mW/°C. 


The JEDEC registered outline for these devices is TO-5. TO-39 falls within TO-5 with the exception of lead length. 
*JEDEC registered data. This data sheet contains all applicable data in effect at the time of publication. 
Tt These values are guaranteed by Texas Instruments in addition to the JEDEC registered values which are also shown. 


USES CHIP P12 
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TYPES 2N3244, 2N3245, 2N3467, 2N3468 
P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
[ramen |r conamons arpa pan 
SPE 
= 
= =0 
0, = 


a 


=a ee 


¥ toes 
(21890 Breokdown Voltage 


Collector Cutoff Current 


cote Coit [Yar = 0, We 3Y | 
te 


Vee = -1V, Io = —500 mA 
Woe = —-5V, Io = —750 mA 


[a= sim te = 50 al 03 
Collector-Emitte = = 
Vouset! Saturation Volto Ip = —50 mA, Ic = —500 mA . 0.6 
fr Transition Frequency Voe = —10V, Io = —50 mA, See Note 5 


ed TT 


WOTES: 4. These parameters must be measured using pulse techniques. ty == 300 ps, duty cycle < 2%. 
5. To obtain fy, the |hg| response with frequency ts extrapolated @t the rate of —6 dB per ecteve from f = 100 Miz fo the frequency at which |hye| = 1. 


lala Laat [+ 


AAA 


leeo Vea = —30 V, k = h= 100°C 


: 
3 


b 
bid L 
b 
bie a 


=l-l-l=[-] | TT de telelfefel ==] - | 


"Indicates JEDEC registered dete 


TEXAS INSTRUMENTS 4-213 
INCORPORATED 


TYPES 2N3244, 2N3245, 2N3467, 2N3468 
P-N-P SILICON TRANSISTORS 


*switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS} 


ta Delay Time = —§00 mA, lay = —50 mA, Vectorn = 24, 
t, Rise Time 591, See Figure 1 


1, Storage Time = —§500 mA, fon) = —50 mA, Iej2) = 50 mA, 


Q; Total Control Charge | fc = —500 mA, lg = —50 mA, See Figure 3 


TVoltages and current values shown are nominal, exact values vary slightly with transister parameters, Nominal base current for delay and rise times is calculoted using 
the minimum values of Vgc. Nominal bose currents for storage and fall times are calculated using the maximum votue of Vgc. 


*PARAMETER MEASUREMENT INFORMATION 


-30V 
42 
520 INPUT 200 ns Von = —10.75 V for 2N3244, 2N3245 
200 Q OUTPUT Von nat Vo, = —108¥ for 2N3467, 2N3468 
INPUT atid be 
~~ ty eee 
OUTPUT | 79% 
i] 
= 10% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1— DELAY AND RISE TIMES 


Vott 
INPUT. | Vogg = 8.5 V for 208244, 203245 
Von =“ Vong 2 8:8 V for 203467, 2NR468 
OUTPUT ‘ Vig == ~H1.S V for 203264, 269245 
As Va, = —11.2 ¥ for 263467, 243468 


re t; 
OUTPUT FOE | 
10% 


VOLTAGE WAVEFORMS 


INPUT 


+3.V 
TEST CIRCUIT 
FIGURE 2 — STORAGE AND FALi TIMES 


C = 1400 pF for 2N3244 30 V INPUT 0 
€ = 1200 pf for 2N3245 
C = 600 pF for 23467, 2N3468 Cc 59.Q —— -10V 
mins 
OUTPUT Sue Sey 


NOTE: Q_y is less than the specified 
maximum value when the transistor 
turns off monotonically as shown 
by the solid line. 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 3 — TOTAL CONTROL CHARGE 


INPUT 


NOTES: a. The input waveforms have the following characteristics: 
For measuring delay ond rise times: t, <2 hs, L= 200 ns, duty cycle = 2%, 
For measuring storage and fat! times: t; < 5 ns, = 2 to 500 ys, duty cycle = 2%, 
For measuring Qy: ty < 10 ns, = 10 us, duty cycle = 2%. Bele id 
b. Waveforms are monitored on an: oscilloscope with the following characteristics: t, < Ins, Ri, 2 100 k2, G, < 7 pF. 


*Indicates JEDEC registered data 


A a PS IE 2 A TD TE TD ET EE EE ED Ta TT TSE ELE 


PRINTED IN U.S.A. 373 


Ti connot assume any responsibility for any circuits shown 
4214 TEXAS INST RUMENTS or tepresent that they are free from patent infringement. 
INCORPORATED 
POST OFFICE BOX S012 « DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPES 2N3485, 2N3485A, 2N3486, 2N3486A 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. OL-S 657885, JULY 1965 


DESIGNED FOR HIGH-SPEED, MEDIUM-POWER SWITCHING 
AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 


@ Electrically Identical to 2N2906, 2N2906A, 2N2907, and 2N2907A in 
Space-Saving T0-46 Package 


© High Breakdown Voltage Combined With Very Low Saturation Voltage 


*mechanical data 


THE COLLECTOR 1S IN ELECTRICAL 
CONTACT WITH THE CASE. 


ALL SEDEC 10-46 DIMENSIONS 
AND WOTES ARE APPLICABLE. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 2N3485 2N3485A 
2N3486 2N3486A 


*Collector-Base Voltage . 2. 2 6 1 ee ee ee ew ee ee ee OY -60v 
*Collector-Emitter Voltage (See Note 1) 2. 2... 2 ee ee ee ee ee OV 60 v 
*Emitter-Base Voltage . 2. 2 2 1 1 1 ww ee ee ee ee ee SY -5v 
*Collector Current . . <— -0.6a-——»> 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) <—— 0.4w ——> 
*Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) <— 2w—> 
*Storage Temperature Range . 2... 1 1 ew ee ee ee ww we OSE to +200°C 

Lead Temperature % Inch from Case for 10 Seconds . . . . 1 1 1... 4 300°C > 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


| 2N3485_[ 2N3486 | 2N3485A | 2N3486A | 
[ramones conomions (a aR Te 


Coltector-Bas 
Ce 
ed 
Emitter-Base 
me Se mene its [+ [a la _[e] 
leso Collector Cutott Current POS2— eM =O oo 0 10 na | 
Ves = —50v, by = 0, a) a) ee ee 
TY =) a) 8 
Teey Base Cutoff Current | Vee = —30v, Ve = 0.5v |) | 2 
Vex = —l0v, Ic = —100 pa a ee ee 
Ves = —10¥, Ic = —1 ma a ee ee 
h Static Forward Current | Vos = —10v, Ic = —10ma LS ee 
"© Transfer Roto Ver = —l0v, Io = 150m 40170] 100 300] 40 170 | 100300] 
Vou = —10¥,_ lc = —500 ma a ee ee eee ee 
Vos =—l¥, Ic = —150 ma Os ee ee ee ee 
y, Base-Emitter Voltage [2 ——!5ma,_Ic = —150 ma ee 
7 1 = —50 ma, Ic = —500 ma 7 2) ee 
Vea, WlecorEniter [iy = —15 ma, Te = 150 ma Ls Cs ed 
cum sotyraton Vooge —_[g==50 mer Tee — 500 ma a) 1 Td 
WOTES: 1. This valve opplies between 0 end 100 me collector current when the bese-omitter 3. Derate tinearly te 200°C case temperature at the rete of 11.49 mw/°C. 
dlede is open-circuited. 4. These perameters must be measured using pulse techniques. PW < 300 psec, 
: 2. Derate linearly te 200°C free-air temperature ot the rate of 2.28 mw/°C. Duty Cycle < 2%. 
* JEDEC registered deta 
USES CHIP P20 
TEXAS INSTRUMENTS 4-215 
INCORPORATED 


POST OFFICE BOX 5012 © DALLAS, TEXAS 75222 


TYPES 2N3485, 2N3485A, 2N3486, 2N3486A 
P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


all-Signal Common-Emitter = 
Ine Forward Curront Transfer Ratio | Yow = 20%, lc = ~S0mo, 
Base Open-Greul 

Input Capocttonce 


Gre Vas = —2, le = 0, 


lan = rote! 5 ma, Vesiorn = 0, 
See Figure 1 


T Voltage end current values shown are nominal; exect values vary slightly with trensister perometers. 


4 *PARAMETER MEASUREMENT INFORMATION 
-30v 0 
| | INPUT 
-lév mar 
OUTPUT tts te 
~ 


t 
INPUT ; | 
| 
| 


HO% 
OUTPUT 
10% 


(See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1—-DELAY AND RISE TIMES 


0 
tNPUT 
~- -Wv 


| 
Output jot o 
INPUT 


(See Notesa and b) 
VOLTAGE WAVEFORMS. 


TEST CIRCUIT 


FIGURE 2~STORAGE AND FALL TIMES 


WOTES: @. The input waveforms are supplied by © generates with the fellewing charactoristhe: Zo, = 50, t, S 2 nsec, ty S 2 nsec, PW = 200 nsec, PRR = 150 pps. 
&. Waveforms cre monitored on en oscilloscope with the fellewing charectoristice: t, < 5 asec, Rj, == 10 MN. 


* JEDEC registered date. 
PRINTED IN U.S.A. 373 
TH connot assume any responsibility for any clrevits shown 
4-216 TEXAS, INSTRUM ENTS of represent thet they are free from potent infringement. 
CORPOR 
PosT OFFfiCn oo 01a 8 pce Texas 7Eaa2 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO {MPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N3494 THRU 2N3497 
P-N-P SILICON TRANSISTORS 


BULLETIN NO, DL-S 678668, MARCH 1967 


HIGH-VOLTAGE TRANSISTORS 
FULLY CHARACTERIZED FOR HIGH-SPEED, LOW-NOISE, MEDIUM-POWER 
SWITCHING AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 


e hy Guaranteed from 100 1A to 100 mA 


*mechanical data 


Device types 2N3494 and 2N3495 are in JEDEC TO-5 packages. 
Device types 2N3496 and 2N3497 are in JEDEC TO-18 packages. 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


THIS ZONE OPTIONAL 


TO-5 DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 


Continuous Device Dissipation at (or below) 25°C 
Free-Alr Temperature (See Notes 2 and 3) 


NOTES: 1. These values apply between 0 and 100 mA collecter current when the base-emitter diode Is open-cirevited. 
2. Derate 209494 ond 2NS49S linearly te 200°C free-air temperature at the rate of 3.43 mW/deg. Seo Figure 3, 
3. Derate 249496 and 2N9497 linearly to 200°C free-air temperature at the rate of 2.28 mW/dog. See Figure 4. 


* JEDEC registered data 


USES CHIP P17 
Hel ast 
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TEXAS INSTRUMENTS 4-217 
INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 760222 


TYPES 2N3494 THRU 2N3497 
P-N-P SILICON TRANSISTORS 


4-218 


*electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


prjcao —_Collector-Base Breakdown Voltage =-10pA, k= 0 
wejceo _Collector-Emitter Breakdown Voltage =—10mA, Is = 0, See Note 4 


erjeco _ Emitter-Base Breakdown Voltage A 


b : 
& e 


=<=\|=< 


lero Collector Cutoff Current 
I 


Yoo = —90 y, le =0 


ERO Emitter Cutoff Current 


dele 
& < 


Vee = —10 V, Ie = -100 


¢ 


Static Forward Current 


hee ah Rat Vor = —10V, Ic = —10 mA Not 


Vee = —10V, Ic = —100 mA 
V Base-Emitter Voltage i; =—-ImA, Io =—10mA, SeeNote 4 | -0. ; 
= ; 4 


4 
L 


me . 
[Veaniy Colour Emir Sotraion Votoge [fy = —Tmh, Io = —1 mA, SeeNotet | —03 | 
[eo 

: Input Impedance Vee = 10 
Ne Forward Current Transfer Ratio 


hie 
= —10 mA, 
bh Small-Signal Common-Emitter le " 
fe Reverse Voltage Transfer Ratio 
h Smail-Signal Common-Emitter 
bes Output Admittance 


h Small-Signal Common-Emitter 
{hu Forward Current Transfer Ratio 


Cobo Deateeken Vop = —10V, le = 0, f = 100 kitz 
Cio iettocher Vea=-2¥V, Ic =0, f = 100 kitz 


Small-Signal Common-Emitter = = = 
Re(h,.) Input Resistance Vee = —10 Vv, le =—-20 mA, f 300 MHz 


= 
S 
4 
z 


Vee =-—-10V, Ie = —20 mA, f = 100 MHz 


NOTE 4: These parameters must be measured using pulse techniques. = 300 jus, duty cycle < 2%. 


*switching characteristics at 25°C free-air temperature 


PARAMETER TEST_CONDITIONS+ 


R, = 3k0, See Figure 1 
Io = —10 mA, tay =I mA, i) =1 mA, 
R= 3kQ, See Figure 2 


*JEDEC registered dota 
TVoltage and current vatues shown era nominal; exect valves vary slightly with transistor parameters. Nominal base current for turn-on time ts calculated using a minimum value 
Of Vgc. Nominal base currents for turn-off times are calcufated using the maximum value of Vee: 7 


TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 
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TYPES 2N3494 THRU 2N3497 
P-N-P SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION — 


-30V ov 
te <10ns 10 ps: INPUT 
Output -10.6V == 
1 
‘ 


few: ton ot 
i 
Cr <3 pF 90% 


INPUT 


OUTPUT 


VOLTAGE WAVEFORMS 
FIGURE 1 — TURN-ON TIME 


49.1 
10: te: 500 He te <10ns INPUT 
OUTPUT J — 710.9 


el tots be 


" 
saccr<3 pF : 
america, ; OUTPUT 
10% 


TEST CIRCUIT VOLTAGE WAVEFORMS 


SNPUT 


FIGURE 2 — TURN-OFF TIME 


NOTES: a. The input waveforms are supplied by a generator with 7... = 50 ©. 
be. Waveforms are monitored on an oscilloscope with the fellewing characteristics: 1, < 10 ns, Ri, 2 100 ko. 


* JEDEC registered data 


THERMAL INFORMATION 


2N3494, 2N3495 2N3496, 2N3497 
DISSIPATION DERATING CURVE 


DISSIPATION DERATING CURVE 


P7—Maximum Continuous Device Dissipation—W 
P+—Maximum Continuous Device Dissipation—W 


0 . 
0 25 50 75 100 125 150 175 200 95 25 50 75 100 125 150 175 200 
Ta—Free-Air Temperature—C Ta—Free-Air Temperature—"C 
FIGURE 3 FIGURE 4 

373 PRINTED IN U.S.A. 

1 not ut ibility f ‘ireuits shown 

ac apeione thot they oss foe: fomw pate utiogeneel TEXAS INSTRUMENTS 4-219 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


IN ORDER TO tMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES AS13496, A5T3497 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311953, MARCH 1973 


SILECTt TRANSISTORS# 
FOR HIGH-VOLTAGE, MEDIUM-SPEED, GENERAL PURPOSE APPLICATIONS 


e High V(BR)CEO - . - 80 V (A5T3496), 120 V (A5T3497) 

@ hee Guaranteed from 100 vA to 100 mA 

mechanical data 

These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 


deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


3 LEADS 
3—COLLECTOR 


—T : 
ee == oar *208 on 


. Lead diameter is not contrailed in this area. 

. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions 
measured in the gaging plane 0.054 below the seating plane of the device relative to 
a maximum-diameter package. 

. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


AS5T3496 8 A5T3497 


Collector-Base Voltage . . . wy cepa ca Aes on Sen ees Satie’ ai cabasy Sees —-80 V —120 V 
Collector-Emitter Voltage (See Note 1) Si lg ist Get’ Wencee, C en ae te Soot! Sy Sotai da Se -80 V -120 V 
Emitter-Base Voltage 2... 1 wk ee -45V -45V 
Continuous Collector Current . . . . .  —-100mA ——e 
Continuous Device Dissipation at (or baicav) 25° Cc Free-Air Terineratre (See Note 2) . + 625 mW —— 
Storage Temperature Range . . . Co ee ee ee BEPC to 150°C —> 
Lead Temperature 1/16 Inch from Case for 10 Seconds Se ee ee ee) a 260°C —— 


NOTES: 1. These values apply between 0 and 100 mA collector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 5 mW/°C. See Figure 3. 

t Trademark of Texas instruments 

4U.S. Patent Number 3,439,238 


USES CHIP P17 


SS SS aL AEE eT SE TE AE I LIES SS ES TEI 
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ORPORAT 
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TYPES AS13496, A5T3497 
P-N-P SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature 


A5T3496 | A5T3497 
PARAMETER TEST CONDITIONS a ae ae UNIT 
V(BR)CBO Collector-Base Breakdown Voltage Ic=—10uA, Ip =0 Ee eee ae 
V(BR)CEO Collector-Emitter Breakdown Voltage | Ic=—10mA, Ig = 90, SeeNote3 | -80  [-120 | V_| 
V(BR)EBO Emitter-Base Breakdown Voltage le=—10nA, Ic=0 4.5 
Vop=—80V, ie =0 a 
t Collector Cutoff Current 
= cube aleraia Vop=—90V, 1e=0 een (ARSE eo 
lEBO Emitter Cutoff Current Vep2—-3V, Ic=90 i i oe 
Voe==10V, c= 100A es 
Voe==10V, igs =tmA i 
h Static Forward Current = 7 < = on = 
FE Thaneter:Fiaiie cE tc Rs ees 
Voce ==10V,ig==B0mA|See Notes [40 | 40 | 
Voce =—10V, i¢=-100mA a 
Vee Base-Emitter Voltage Ig=—1mA, I¢=—10mA, SeeNote3 |-06 -0.9|-06 —09 
VCE(sat) _ Collector-Emitter Saturation Voltage Ip=—1mA, !¢=—10mA, See Note 3 E —0.35 


Smail-Signal Common-Emitter 
Input Impedance 


18 
Small-Signal Common-Emitte 
fe este ent Transf sae 40 300} 40 
urr 
= Voce =—-10V, Ic=—-10mA, f= 1 kHz 
h 


h 


ki 


8 


Smaitl-Signal Common-Emitter 

" Reverse Voltage Transfer Ratio 
Smail-Signal Common-Emitter 

Noe Output Admittance 


Smail-Signal Common-Emitter 
hel VceE=-10V, Ic =—20mA, f= 100 MHz 
Forwerd Current Transfer Ratio 
Common-Base Open-Circuit 
Cobo ed Veg =-10V, Ip = 0, f= 1 MHz 
Output Capacitance 


Common-Base Open-Circuit 
Veg=-2V, !c¢79, f= 1 MHz 
Input Capacitance ea=-2 ¢ 


Smail-Signa! Common-Emitter 
Rethie) : VcE=-10V, I¢=—-20mA, f= 300 MHz 
Input Resistance 


1 
A 


wd 
x 
NS 
x 


Cibo 


NOTE 3: These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONSt 


Vec=—30V, te=-10mA, I =—-1mA, 
ten Turn-On Time ce c= Bit) | 200 | 
VBE loft) 9, See Figure 1 


UNIT 


Tvoltage and current values shown are nominal; exact values vary slightly with transistor parameters. Nominal base current for turn-on time Is 
calculated using the minimum value of VpE. Nominal base currents for turn-off times are calculated using the maximum value of Vg_e. 


Veco=—-30V, Ic=—-10mA, Iga) = —1 mA, 


-OFf Ti 
toftt Turn-Off Time gia) 1mA, See Figure 2 


T EXAS, INSTRUMENTS 4-221 


NCORPORATED 
POST OFFICE BOX 6012 » DALLAS, TEXAS 75222 


TYPES A5T3496, A5T3497 
P-N-P SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


-30V OV 5 
te <10ns 10 ps INPUT 
OUTPUT +10.6V --j 


feat ton med 
t 
' 
2ar5 Cr <3 pF 90% 


INPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1—TURN-ON TIME 


-30V +9.1V 
10 to 500 ps tp <10ns 
OUTPUT —— -10.9V 


soba te 


HS Cr <3 pF 
Sf \ OUTPUT 
10% 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2~TURN-OFF TIME 


NOTES: a. The input waveforms are supplied by a generator with Zoy7 * 50 22. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: tp © 10 ns, Rin > 100k2. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 
800 


700 


P+—Maximum Continuous Device Dissipation—mW 
> 
ro} 
So 


Ta—Free-Air Temperature—°C 


FIGURE 3 
PRINTED IN U.S.A. 373 
Tl cannot assume any responsibility for any circuits shown 
4-222 TEXAS INSTRUM ENTS of represent thot they are free from patent infringement. 
POST OFFICE BOX 5012 » DALLAS, TEXAS 78222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AY ANY TIME 


IN ORDER TO IMPROVE DESIGN ANO TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N3502 THRU 2N3505 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 668278, MARCH 1966 


FULLY CHARACTERIZED FOR HIGH-SPEED, LOW-NOISE, MEDIUM-POWER 
SWITCHING AND GENERAL-PURPOSE AMPLIFIER APPLICATIONS 


e h,, Guaranteed from 10 A to 500 mA 


mechanical data 


Device types 2N3502 and 2N3503 are in JEDEC TO-5 packages. 
Device types 2N3504 and 2N3505 are in JEDEC TO-18 packages. 


THE COLLECTOR 1S IN ELECTRICAL CONTACT WITH THE CASE 


*Collector-Base Voltage 
F*tmitterBosa Voie CTS 
| *Continoows Gllctor Gorent—SSSC*dSC 0 
ieee |e | 
Free-Air Temperature (See Notes 2 and 3) 
*Continuous Device Dissipation at (or below) 25°C | 8 | 
Case Temperature (See Notes 4 and 5) 
—45 to 200 
[Lead Temperature 1/16 Inch from Case for 10 Seconds | 300 [| 900 | 300 | 300 | 


NOTES: 1. This valve applies between 0.017 and 600 mA collector current when the bese-omittor diede Is epen-circuited. 
2. Derate 2N3502 ond 2N35C3 linearly to 200°C free-cir temperature at the rate of 4 mW/deg. 
3. Derate 2N3504 end 243505 linearly te 200°C free-air temperature at the rate of 2.20 aw /deq. 
4. Derate 243502 end 23503 lineerly to 200°C case temperature et the rate of 17.2 mW/deg. 
5, Derate 243504 and 243505 lineurly te 200°C cose temperature at the rate of 6.85 mW /deg. 


* JEDEC registered date. 


USES CHIP P20 
a eT RS TE A I I 
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TEXAS INSTRUMENTS 4-223 


INCORPORATED 
POST OFFICE BOX 8012 © CALLAS, TEXAS 76222 


TYPES 2N3502 THRU 2N3505 
P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (uniess otherwise noted) 


[10-5 > | 2N3502_ | 2N3503 

TEST CONDITIONS [(T0-18-> | 2N3504___ | 2N3505__| 

[_MIN MAX | MIN MAX | 
Vimjevo Collecor-Base Breakdown Voltoge [lc=—l0uAk=0 | 4S 80 
Vienjceo Collector-Emitter Breakdown Voltage| Ic = —10 mA, Ip = 0, SeoNoteé | 5 |-6o |V | 
Visyuvo Emitter-Base Breakdown Voltage [le = —I0pAIc=0 PY 
Vos = 30, le = 0, Ta = 150°C ee \ | 
Jeso Collector Cutoff Current Vos = —50V, = 0, Ta = 150°C TS 10 | fA | 


ee ec 


Vee =-—10 y, Ie = —-10 BA 
Veg = —10V, Io = —100 pA 
Vee = —10V, Ie =—ImA 


h Static Forward Current 
fe Transfer Ratlo 


= 
s 


_ 
3 


Veg = —10¥, Io = —500 mA 


Nee Small-Signal Commeon-Emitter 


5 
= 


[ta = —2.5 mA, Ic = —S0 mA _| —aa 
Es 
Ym Norns iLO = amen 5 SST 
In = —50mA, Ic = —500 mA eee 3s ee 
y= —25 mA fe = —S0mA | 
=n) 
Voetsat} Collector-Emitter Saturation Voltage ; | 
la = —50mA, Ic = —500 mA as 
h Small-Signal Common-Emitter az) 
oy Input Impedance 
h Small-Signal Common-Emitter iz 
tis Forward Current Transfer Ratio 
h Small-Signal Common-Emitter 15x 10+ iz 
re Reverse Voltage Transfer Ratio 
Output Admittance 
ihe Small-Signal Common-Emitter Vee = —20V, tc = —50 mA, f = 100 Mc/s, 
fel Forward Current Transfer Ratio See Note 7 


Common-Base Open-Circult s = x 
Cove Output Copacitance Veg = —10V, Ie = 0, f= 140 ke/s 


Ge eaten Ves = 0.5 V,lo=0, f= 140ke/s 


NOTES: 6, These paramaters must be measured using pulse techniques. 1, == 300 ys, duty cycle < 1%, 
7, Because of the high level of dissipation involved, the time of application of collector current must be limited so that the case temperature does not exceed 
142°C for the 2N3S02 and 2N3503, 54°C for the 243504 and 2N3505. 


* JEDEC registered data. 
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4-224 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX $012 © DALLAS, TEXAS 76222 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


TYPES 2N3502 THRU 2N3505 
P-N-P SILICON TRANSISTORS 


*operating characteristics at 25°C free-air temperature 


Vou = —5V, be = —90 pzd.Re = 10kN, f 
Nolse bandwidth = 200 c/s 


fo = —300 mA, teen = —30 mA, Vestotn = 4y, 
See Figure 1 


TWeltoge ond current valves shown are nominal; exact valves very stightly with transistor parameters. 


*PARAMETER MEASUREMENT INFORMATION 


f INPUT 


(See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1—TURN-ON AND TURN-OFF TIMES 


NOTES: 0. The input waveforms are supplied by @ generator with the following characteristics: Z,, — 50%, t, S 6 ns, ty Ss 6s, p = 500 as, 
b. Waveforms are monitored on on escillescope with the tetlewing characteristics: t, < Vas, Ri, > 100 kf, C,, = 10 pF. 


* JEDEC registered date, 


SS PP I 


PRINTEO IN U.S.A, . 
Ti cannot assume ony responsibility for any cirewits shown 


cr represent thot they are free from potent infringement. TEXAS, INST RUM ENTS 


4-226 
NCORPORATED 


POST OFFICE BOX $012 » DALLAS, TEXAS 78228 
IN QROER 10 IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES A5T3504, A5T3505 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311968, MARCH 1973 


SILECTTt TRANSISTORS 
FOR HIGH-SPEED SWITCHING OR LOW-NOISE GENERAL PURPOSE 
AMPLIFIER APPLICATIONS 


e hee Guaranteed from 10 2A to 500 mA 
e Noise Figure ...4 dB Max 
e Switching Characteristics Guaranteed at 300 mA 


mechanical data ; 
These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


+ 0.002 


fi O.0t7 0.001 OIA. 
oo 0.500 MIN J 3- COLLECTOR 


= 0.005 


. Lead diameter is not controlled in this area. 

. Leads having maximum diameter (0.019) shali be within 0.007 of their true positions measured 
in the gaging plane 0.054 below the seating piane of the device relative to a maximum- 
diameter package. 

- All dimensions are In Inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
A5T3504 A5T3505 


Collector-Base Voltage . . . oe Fane Be Gabe ep are ey “She a ee AR eZ —-45V -60V 
Coliector-Emitter Voltage (See Note 1) iin Gels acti, ee? seo aap Ok. Map wee dS GO Sean —45V -—60V 
Emitter-Base Voltage 2... 1 1 1 wk tt ee -5V -§V 
Continuous Collector Current . . . : «+———600 mA—» 
Continuous Device Dissipation at (or below) 25° Cc ‘Free-Air Tengersturs (See Note 2) .  — 625 mW—— 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 3)... #—\1.25W—— 
Storage Temperature Range . . . oe ee ee ee eee == 65°C to 150°C 
Lead Temperature 1/16 Inch from Case for 10 Sabie: ee ee a 260°C ——— 


NOTES: 1. These values apply between 0 and 600 mA collector current when the base-emitter diode Is open-circuited, 
2. Darate linearly to 150°C free-air temperature at the rate of B mW/*C. 
3. Daerate linearly to 150°C lead temperature at the rate of 10 mW/*C. Lead temperature is measured on the collector lead 1/16 inch 
from the case. 
ttrademark of Texas Instruments 
U.S. Patent No. 3,439,238 


USES CHIP P20 
I EE 


4-226 TEXAS IN STRUMENTS 


CORPORA 
POST OFFICE oon S012 ¢ DALLAS, TEXAS 75222 


373 


TYPES A5T3504, A5T3505 
P-N-P SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


| A513504_ | A5T3505_| 
| MIN MAX [MIN MAX | 
Vieceo Collector-Base Breakdown Voltage | tc = —10 pA, le = 0 Ee eee 
Vienjceo Collector-Emitter Breakdown Voltage| Ic = —10 mA, Is = 0, SeeNote4 | 45 [-60 [| V¥ | 
Vijeeo_Emitter-Base Breakdown Vottoge | le = —10 A, Ic = 0 Pee eee 
Va==0V, k=0  h=wor | ay 
ee. See et ome Vea = 500 k=O T= wore | | 
orca fears 
Cc eee ee 
Vee = —10V, le = —10 HA ee 
Ver = =10V, le = —100 pl a 
Woe ==10W, Io=—tmaA 8S 8S 
i cea ee = —10¥, le = —10mA ] 5 ee i, a 
re Transfer Ratio 100 300 
Vee = —10V, Ic = —500 mA ee ee 
| S300 | 115300 | 
[ls = =2.5 mA, lo = —50 mA | a ae 
a 
a = —H0mA, Te = —300 mA SPS 5 SIS 
Is = —50 mA, Ic = —500 mA Panes i ee 8 
fa y= —1S mA, Te = —150 mh] 
Veet) Collector-Emitter Saturation Voltage 1p = 30 mA, Io = —300 mA aa) Le 
ty = —S0 mA, Ic = —500 mA a 
h; Small-Signal Common-Emitter 
= Input Impedance 
h Small-Signal Common-Emitter 
kg Forward Current Transfer Ratio Vee =—10V, Ie = —10mA, f= ke 
h Smail-Signal Common-Emitter os a8 a 15x 104 15x10 
ib Reverse Voltage Transfer Ratio 
Small-Signal Common-Emitter 
Small-Signal Common-Emitter = as = 
[hil Forward Current Tronsfer Ratio {ce = —20¥. Ic = —SOmA, f = 100 Miz en eee 
Common-Base Open-Grcuit = - ce 
a 
Common-Base Open-Circuit _ = = 


NOTE 4: These parameters must be measured using pulse techniques. i= 300 ys, duty cycle < 2%. 
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TEXAS, INSTRUMENTS 4-227 


NCORPORATED 
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TYPES A5T3504, A5T3505 
P-N-P SILICON TRANSISTORS 


operating characteristics at 25°C free-air temperature 


Woltage and current values shown ore nominal; exact values vory slightly with transister parameters. 


PARAMETER MEASUREMENT INFORMATION 


0 

| | INPUT 
9vV—— 

| 

| 


10% 10%. 


= (See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1—TURN-ON AND TURN-OFF TIMES 


WOTES: a. The Input waveform is supplied by © generator with the fellewing characteristics: Z,, = 509, 1, < 6 ms, ty < 6 As, by = 500 ws, 
b. Waveforms are monitored on an oscilloscope with the following cheracteristics: 1, <1 ns, 8, > 100 kD, C, = 10 @F. 


ETAL SET EL ETT ETL ELE SEAL EE I 2 I ET I TICE 
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1M ORDER YO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N3554 
N-P-N SILICON TRANSISTOR 


BULLETIN NO. DL-S 736276, NOVEMBER 1964—REVISED MARCH 1973 


DESIGNED FOR HIGH-SPEED, HIGH-CURRENT SWITCHING APPLICATIONS 


mechanical data 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


0.5 Marne 


CASE TEMPERATURE 
ME ASUAEMENT PORT 


ALL DIMENSIONS ARE 
(IN INCHES 


UNLESS OTHERWISE 
0.100 min + SPECIFIED 


OCT OF carne Ut 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . Bee Ritdey [RIMES Wt bo aS aL a a es Se I See Sa ce a 6O.V™ 
Collector-Emitter Voltage (See Note ») SMe ee ts, we Ae edie dda inte o bok ts Gan Se se ee oO 
Emitter-Base Voltage . . : oo Baa Be ee, BO che Ge A eh Be ee SM? 
Collector Current... ese ow thee 
Continuous Device Dissipation ‘at (or below) 25°C Free-Air Temperature (See Note 2) oe ws O8w" 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . we 
Storage Temperature Range . woe ee ee eww we « HO5PC to +200°C * 


Lead Temperature % Inch from Case for 10 Seconds Pale RS he ies wt ce aie ya es Hat Stele BOONES 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
Collector-Base Breakdown Voltage Ic = 10 pa, Ip =0 = 
Collector-Emitter Breakdown Voltage | Ic = 30ma, ts = 0, ‘See Note 4 
Emitter-Base Breakdown Voltage le = 10 po, Ic = 


Voce = 40, 


Collector Cutoff Current 
Base Current 


Voce =v, Ic = 10mo, See Note 4 
Voe= 1, Ic = 100 ma, See Note 4 
Ves=1¥, lc = 750 ma, See Note 4 
Voe = 2, lk=l1a, See Note 4 
lp = 75 ma, Ic = 750 ma, See Note 4 
lp = 100ma, Ic =10, See Note 4 
=75mo, Ic = 750 ma, See Note 4 
rip = 100mea, Ic = 10, See Note 4 


Static Forward Current Transfer Ratio 


Collector-Emitter Saturation Voltage 


Small-Signal Common-Emitter i, = = 
Forword Current Transfer Ratio Vee Sly, te = ea, b= 100 Me 
Common-Base Open-Circuit Vos = 10¥, ke = 9, =1Me 


Coo Qutput Copacitence 


NOTES: 1. This value applies between 1 ma and 300 ma collector current when the base-emitter diode is open-circuited. Above 300 ma 
derate linearly to 10 v at 1.28 at the rate of 22.2 mv/ma. The instantaneous product of collector-emitter voltage and collector 
current must not exceed 5 w for longer than 300 ysec. 

2. Derate linearly to 200°C free-air temperature at the rate of 4.57 mw/C. 

3. Derate the 10-watt rating linearly to 200°C case temperature at the rate of 57.1 mw/°C. Derate the 5-watt (JEDEC registered) 
rating linearly to 200°C case temperature at the rate of 28.6 mw/c. 

4. These parameters must be measured using pulse techniques. PW = 300 usec, Duty Cycle < 2%. 

the JEDEC registered outline for these devices is TO-5. TO-39 falls within TO-5 with the exception of lead length. 

*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 

T This value is guaranteed by Texas Instruments in addition to the JEDEC registered value which is also shown. USES CHIP N13 
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INCORPORATED 
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TYPE 2N3554 
N-P-N SILICON TRANSISTOR 


LE IPE IE SI ST IE i PF A SASS NS ESS LSTA SO IES 


*switching characteristics at 25°C free-air temperature 


TEST CONDITIONS; 
lo =14, 
Iai = Toya) = 100 ma, 
Veciots) =-34 vk, = 90, 
See Figure } 


TVeltage and current values shown are nominal; exact values vary slightly with transistor parameters, 


*PARAMETER MEASUREMENT INFORMATION 


+10¥ 


OUTPUT 


INPUT 


TEST CIRCUIT 


VOLTAGE WAVEFORMS 


FIGURE } 


NOTES: a. The input waveforms have the follewing characteristics: 
For measuring delay and rise times t,<2 nsec, PW == 450 nsec, Duty Cycle << 2%. 
For measuring storage and fall times ty < 5 nsec, PW = 1 psec, Duty Cycle << 2%, 
b. Waveforms are monitored on on escillescope with the following characteristics: 1, << 5 nsec, Rj, =~ 1M, Ci, <7? pl. 


* JEDEC registered data 


Sh IPE DS Bit AE fe RG AE TT 
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POST OFFICE BOX 8012 + CALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE AST3565 
N-P-N SILICON TRANSISTOR 


BULLETIN NO. DL-S 7311951, MARCH 1973 


SILECTTt TRANSISTOR# 
FOR HI-Fl AUDIO AND GENERAL PURPOSE LOW-FREQUENCY AMPLIFIER APPLICATIONS 


e High hfe... 150 to 600 
e Plug-In Replacement for 2N3565 (TO-106) 
e@ High Continuous Device Dissipation Rating . . .625 mW 
mechanical data 
These transistors are encapsutated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 


deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 1068. The transistors are insensitive to light. 


= si ae 


20.005 


NOTES: A, Lead diameter is not controiled in this area. 

B. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions measured 
in the gaging plane 0.064 below the seating plana of the device relative to a maximum- 
diameter package. 

C. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . se Sainslae eetesene ty abe Yar sas Megineces otcaeawe ver Cae 42 ger he case GAS aL OM 
Collector-Emitter Voltage (See Note 1). as odes ee Pte SE a Aas eS ER ee ee, ty co SEV 
Emitter-Base Voltage 2. 6 6 ww ke ee ee ee eee) 6 
Continuous Collector Current . . . Dei we ee ee 6 BOMA 
Continuous Device Dissipation at (or below) 25° C Free-Air Temperature (See Note 2) sone ee ee es 625 MW 
Storage Temperature Range. ww es te ee ee ee ee ew) 65°C to 150°C 
Lead Temperature 1/16 Inch from Cate for 10 Seconds Pah Wan e248 ibs Ete eee wet toe GPa: ae 260°C 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. Derate linearly to 150°C free-air temperature at the rate of § mW/°C. 
t Trademark of Texas Instruments 
tu.s, Patent No, 3,439,238 


USES CHIP N21 
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TEXAS INSTRUM ENTS 4-231 


ORPOR 
POST OFFICE Hi 8012 « Baia TEXAS 75222 


TYPE AST3565 
N-P-N SILICON TRANSISTOR 


electrical characteristics at 25°C free-air temperature 


SL a a EE I TS DT IE 


4-232 


PARAMETER TEST CONDITIONS 


V(BA)CBO Collector-Base Breakdown Voltage io 100uA, Ie =0 | 30 =6t v | 
ViBRICEO Collector-Emitter Breakdown Voltage Io=2mA, Ip =O, SeeNote3 | 26 | Vv | 
Icgo Collector Cutoff Current Vop"26V, te =0 | BOT nA] 
lEB0 Emitter Cutoff Current Veps8V, Ig=0 y 10] pA_| 
Voge * 10V,_ig= 100 

hee Static Forward Current Transfer Ratio : = 

VCE(sat)__Collector-Emitter Saturation Voltage Ip=0.1mA, i¢=1mA | 0.38] V_| 
hi Smali-Signal Common-Emitter 

8 


Input {mpedance 


Smail-Signal Common-Emitter 
h Vee=5V, Iq=imA, f=#1 kHz 750 
fe Forward Current Transfer Ratio “se . } 120700] 
Small-Signal Common-Emitter a 
h 100 ho 
oe Output Admittance | os 100 cn 
Small-Signal Common-Emitter 
Vce*5V, tc=1mA, f= 20MHz 
Mel Forward Current Transfer Ratio ce c ret 


Common-Base Open-Circuit 
Vog=5V, le *0, f= 1MHz 


NOTE 3: This parameter must be measured using pulse techniquas. ty, = 300 us, duty cycle < 2%. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


P7—Maximum Continuous Device Dissipation—mW 


0 25 50 75 100 125 150 © 
Ta—Free-Air Temperature—°C 
FIGURE 1 
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IW ORDER TO IMPROVE DESIGN AND 10 SUPPLY THE BEST PROOUCT POSSIBLE, 


TYPES 2N3670, 2N3671, 2N3572 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-8 7311986, MARCH 1973 


FOR LOW-NOISE VHF/UHF AMPLIFIER, OSCILLATOR, AND MIXER APPLICATIONS 
2N36570 Features: 


@ Low Noise Figure... 7 dB Max at 1 GHz 
e Highfr... 1.6 GHz Min 
e Lowrp’Cc...8 ps Max 


description 
These transistors are ideally suited for such applications as amplifiers, oscillators, and mixers. The guaranteed minimum 
gain-bandwidth products range from 1 to 1.6GHz. Guaranteed minimum calculated fmax ranges from 1.7 to 
2.7 GHzt. These features coupled with low noise figure ensure VHF through L-band amplifier and oscillator capability. 


*mechanical data 


THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 


£88 OTHE! 
aPecinied 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
2N3670 2N3571 2N3672 


Collector-Base Voltage 2. 6 6 ew ee ee 30V 25V 25V 
Collector-Emitter Voltage (See Note 1) hehe tym Be ret aby, ap Meh, ASS a ee 165V 18V 13V 
Emitter-Base Voltage 6g ww we ee ee ee 3V 3V 3V 
Continuous Collector Current 2. 6 6c ee ee ee ee ee a—— 50mA ——> 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature 

(SeeNote2) 6. ww ee ew eh ee te ee ee ee a 200 nw ——> 
Continuous Device Dissipation at (or below) 26°C Case Temperature 

(See Note3) 6 6 ww we ee .—— 30mWw — 
Storage Temperature Ranga 6 ww «— —65°C to 200°C —e 

Lead Temperature 1/16 Inch from Case for 10 Seconds Se an sia tiv AO cb Ale ea -——— 300°C ——> 


NOTES: 1. These values apply between 0 and 15 mA collector current when the base-emitter diode is open-circulted. 
2. Derate linearty to 200° C free-air temperature at the rate of 1.14 mw/c. 
3. Derate linearly to 200°C case temperature at the rate of 2 mW/C. 


A / xt (MHz) 
tMaximum Frequency of Oscillation may be calculated from the equation: frmex (MHz) = 200 Peel en ; 
tb Ge (Ps 


"JEDEC registered data, This date sheet contains all applicable registered data in effect et the time of publication. USES CHIP N28 
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TEXAS INSTRUMENTS 4.233 
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Post orrice pi GOR © hae TEXAS 75823 


TYPES 2N3570, 2N3571, 2N3572 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONSt 


V(BR)CEO Collector-Emitter Breakdown Voltage eure ip, a 
VIBR)EBO Emitter-Base Breakdown Voltage ie=10uA, Ic=0 . 3 | 3 J 3 [vi 
A DC) 
lcBo Collector Cutoff Current Voep=6V, le =0, 
pore i ee a 
Voe=6V, ignoma | 20 160] 7% 20] 7 so] | 
he Smaii-Signal Common-Emitter VcE=6V, Ic=5mA, | 20 200] 20 250] 20 360] | 
Forward Current Transfer Ratio f= 1 kHz 
Small-Signal Common-Emitter Voce =6V, Ic=5mA, 
hel Forward Current Transfer Ratio f = 400 MHz ote 8 2 s[25 6] | 
CS A 


Vop=6V. te =—5SmA, 
tp'Cc Collector-Base Time Constant cB E s 
f = 79.8 MHz 


*operating characteristics at 25°C free-air temperature 


[ 2N3570_ | 2N3671_ | 2N3572 | 
PARAMETER TEST CONDITIONS! Coes ce a ee 


[Wop=6V. ig=-2mA, Ag=s00, f=iGHe [7 [| 
F Spot Noise Figure Vop=6V, lg=-2mA, RG=502, f= 1GHz 7 | dB | 
Vop=6V, Ie=-2mA Ag= 100%, f=a60mmel [| *# |S | a8 | 


operating characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX 


Po Oscillator Power Output Voc *20V, i¢=15mA, f=1GHz, See Figure 1 a oe 


NOTES: 4. This parameter must be measured using pulse techniques. ty, ™ 300 us, duty cycle < 2%. 
§. Cop measurement employs a three-termina! capacitance bridge incorporating a guard circuit. The emitter and case are connected 
to the guard terminal of the bridge. 
tT The fourth lead (case) is grounded for all measurements except Cop and Oscillator Power Output. 


PARAMETER MEASUREMENT INFORMATION 


0.02 uF 


VARIABLE-LENGTH SHORTED LINE 
EMITTER 
TUNING 


OUTSIDE D-C BLOCK, 30 pF (MICROLAB HR-51N OR EQUIVALENT) 


O@——- LEAD 4 (CASE) FLOATING 
1000-pF 
DISCOIDAL CAPACITOR 


LOADING ADJUST 


TO 60-2 
BOLOMETER 


1.0" INSIDE 
FREQUENCY 


ADJUST : 
DIELECTRIC 


SILVER-PLATED 
PROBE BRASS SLEEVE 


© 0-C 
COMMON 


AARARAARARARRAARRRRRR 


SS 


WW AA RAR RAR AARRAR EERE REE 


y 
POTTTI NEZLIIIL. 


Gane 
oD 
QUARTER-WAVELENGTH CAVITY 0.875" ID 


SILVER-PLATED BRASS 
FIGURE 1—1-GHz OSCILLATOR POWER OUTPUT TEST CIRCUIT 


+20V 


*JEDEC registered data 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES AST3571, AST3572 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311950, MARCH 1973 


SILECTt TRANSISTORS? 
FOR LOW-NOISE VHF/UHF AMPLIFIER, OSCILLATOR, AND MIXER APPLICATIONS 


© Minimum Calculated fmax8 . . . 2-2 GHz (A5T3571) 
e Low Noise Figure . . . 4 dB Maximum (A5T3571) 
mechanical data 
These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 


deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


+9,002 
0.017 ggg1 OA. 


. Lead diameter is not controlled in this area. 
. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions 


measured in the gaging plane 0.054 below the seating plane of the device relative to a 
maximum-diameter package. 


. Alt dimensions are in inches, 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


AST3571 A5T3572 
Collector-Base Voltage 


25V 25V 
Collector-Emitter Voltage (See ' Note 1) i5V 13V 
Emitter-Base Voltage sods 3V 3V 
Continuous Collector Current woe Om 50 MA 
Continuous Device Dissipation at (or below 25° C Free-Air Ternceratuns (See Note 2) a. 500 mw —> 


Storage Temperature Range $ 
Lead Temperature 1/16 Inch from Case for 10 Seconds: 


NOTES: 1. These values apply between 0 and 15 mA collector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 4 mw’ c. 

trademark of Texas instruments 

tu.s. Patent No. 3,439,238 


439, htel * fmeas (MHz) 
8S maximum Fraquency of Oscillation may be catculated from the equation: fingx (MHz) = 200 ———_— 
fpy'Ce (ps) 


—65°C to 150°C 


+—- 260°C ——> 


USES CHIP N28 
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TEXAS vLN ISTRUMENTS 4-235 


POST OFFICE aon 5012 © DALLAS, TEXAS 75222 


TYPES A5T3571, A5ST3572 
N-P-N SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


| _A6T3571_ | A5T3572_| 
PARAMETER TEST CONDITIONS iain saa [ al max] ONT 


V(BR)CBO Colfector-Base Breakdown Voltage Ic = 1A, le=0 
V(BR)CEO Collector-Emitter Breakdown Voltage I¢ =2mA, Ip = 0, See Note 3 


V(BR)EBO Emitter-Base Breakdown Voltage le = 10 nA, ic=0 


Vop = 6V, le =0 

; Palincken Cuvoit Gucané [Vep=6V, te=o 

cso Soren tava rer Vep=6V, le=0, Ta = 100°C 
hee Static Forward Current Transfer Ratio [| VcE = 6 V, Ic=5mA 


Smalt-Signal Common-Emitter 
h VcE=6V, Ic=5mA, f=1kHz 
fe Forward Current Transfer Ratio cE i 
ih Smail-Signat Common-Emitter 
fe Forward Current Transfer Ratio 


Vop =6V, te =0, f=1Mbuz, 
Cc Collector-Base Capacit: 
See Note 4 


Th'Ce Collector-Base Time Constant Ves =6V, IE =—-5mA, f= 79.8 MHz 


operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS AST3672 UNIT 
MIN MAX [MIN MAX, 
Vop76V. le=-2mA, RG=1002, 
F Noise Fi 
Spot Noise Figure f= 450 MHz 


NOTES: 3. This parameter must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
4. Cob measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the guard 
terminal of the bridge. 


VceE=6V, Io=5mA, f = 400 MHz 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


P7~—Maximum Continuous Device Dissipation—mW 


0 25 50 75 100 125 150 
Ta—Free-Air Temperature Range—°C 


FIGURE 1 


4-236 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N3576 
P-N-P SILICON TRANSISTOR 


BULLETIN NO. DL-S 645916, AUGUST 1964 


DESIGNED FOR HIGH-SPEED SWITCHING APPLICATIONS 
© Low Guaranteed Veeisqr) — 0.5 max at 100 ma 
e High fr —400 Mc min at 10v, 10 ma 
e Low Total Switching Time — 80 nsec max at 10 ma 


*mechanical data 


JHE COLLECTOR IS IM ELECTRICAL 
CONTACT WITH THE CASE 


ALL JEDEC TO-18 DIMENSIONS 
AWD WOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise specified) 
Collector-Base Voltage . . . . ge tes eg Beg NE hd ee ok Gee RS ea we Gade Se OY 


Collector-Emitter Voltage (See Note 1). 0. 2 6 ee ee ee es —15v 
Emitter-Base Voltage se Sys Bo Be, ats . as Bat ee Gartia yer lt —5v 
Collector Current. 2 5 2 ee ee ee ee ee ew we 200 ma 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature 

(See Note 2) fT ge ba 2a aa ale, Gale leg eee air BA Se HE A He 360 mw 
Continuous Device Dissipation at (or below) 25°C Case Temperature 

(See Note 3) pn 0a na wien tole Te neg aca est aabele, Aarau aes ache te ge sBe SRE Ns, oo, sascha 
Storage Temperature Range . 2. 6) ee ee et ee + oBSPC to +200°C 
Lead Temperature Xs Inch from Case for 10 Seconds . ©. 6 2-2 2 ee ee es 300°C 


* electrical characteristics at 25°C free-air temperature (unless otherwise specified) 
TEST CONDITIONS 


[PARAMETER 
Vierscso Collector-Base Breakdown Voltage Io = —10 pa, le = 0 
Vier;ceo Collector-Emitter Sreakdown Voltage =~-10 mo, i,= 9, See Note 4 
Vierjevo Emitter-Base Breakdown Voltage le=—l0 pa, Ic = 


= ee 
=e 
f- e 
i: es 
[10] 
0120 | 
a 
a 


Ver =—15¥, Ve =0 


Voce =05y, lo = —10 ma 


Static Forward Current 


rf Transfer Ratio 
Voge =—lTv, Ico = —100 ma, See Note 4 


[oa 
[na 
aaa 
= 
s|v | 

ip = —1 ma, Ic = —10 ma, See Note 4 O75 09 
ta Steerer Temes le=—10ma, ic=—100ma, SeoNoes | II] v | 
me =—tma, tc=—lma, Seenoted [O15] v | 
Vous) Collector-Emitter Saturation Voltoge 7 19 ma, tc =—100 ma, SeeNote4 | OS] v | 
RR ate eolereta sorte Vou = —I0v, Ie =—10 ma, f= 100 Me fel 


Cobo Common-Base Open-Circvit 
Output Copacitance 


MOTES: 1. This value epplics between @ end 60 ma collector current when the base-emitter dieda is epen-circuited. Above 20 ma derate linearly te Sv at 200 ma at the 
rate of 83.3 mv/me. 


2. Derate linearly to 175°C free-air tompersture et the rate of 2.4 ww /C°, 
3. Derate linearly te 175°C cose temperature at the rate of 8.0 mw/C°. 
4. These parameters must be measured using pulse techniques, PW = 300 psec, Duty Cycle <= 2%. 
Indicates JEDEC registered date USES CHIP P11 
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TEXAS, INST RUMENTS 4-237 


NCORPORA 
POST OFFICE BOX S012 » DALLAS, TEXAS 75222 


TYPE 2N3576 
P-N-P SILICON TRANSISTOR 


*switching characteristics at 25°C free-air temperature 


ton" ne 


Figure 1 


twa) = mo, & = 285.0, 
a Se ger 2 


Voltage and Current volves shown ere nominal; exact velues very slightly with tronsistor parameters, 


“PARAMETER MEASUREMENT INFORMATION 


285 Q | 
-2.75vo. 
OUTPUT 


i] 
2k el ae 
i] 
INPUT as 
I 50% Output 
50.2 i 
10% 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1 


OUTPUT 
INPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 2 


NOTES: a. The input waveforms are supplied by @ generator with the following characteristics: 2.4 = 500, t, << 1 nsec, PW =~ 500 nsec, Duty (ele =m. 
b. Output waveforms are menitored on on escilietcope with the following characteristics: 1, << 1 nsec, Rj, => 100 KO, Ci, <S 10 pf. 


“Indicates JEDEC registered data 


PRINTED IN U.S.A. 373 
TI connot assume any responsibility for any circuits shown 
4-238 TEXAS INST RUM ENTS of represent that they ore free from potent infringement. 
INCORPORATED 
POST OFFICE BOX 5022 « DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


1273 


TYPES 2N3634 THRU 2N3637 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311934, JUNE 1973 


HIGH-VOLTAGE TRANSISTORS 
FOR GENERAL PURPOSE AMPLIFIER AND SWITCHING APPLICATIONS 


e High V(BR)CEO . - . 140 V (2N3634, 2N3635) or 175 V (2N3636, 2N3637) 
© High Dissipation Capability . . . 10 W at 25°C Case Temperature 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


DETAILS OF OUTLINE IN 
‘THIS ZONE OPTIONAL 


ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE? 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage 6 ww we ee ~140V* —175V* 
Cotlector-Emitter Voltage (See Note 1) 2. 2 6 6 ee ee -140V* -175V* 
Emitter-Base Voltage 2 2 6 6 6 we eh -5V* -5v* 
Continuous Collector Current 20 6 we o—- -1 A*—e 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) te a 1 
T 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note3) ..... ~{ he We 
Storage Temperature Range 6 65°C to 200°C" 
ect 
Lead Temperature 1/16 Inch from Case for 10Seconds  . . . . - 7 ee ee ee ee aera 


NOTES: 1. These values apply between 0 and 10 mA collector current when the emitter-base diode is open-circuited. 
2. Derate linearly to 200°C free-air temperature at the rate of 5.71 mw/C. 
3. Derate the 10-watt rating linearly to 200°C case temperature at the rate of 57.1 mW/C. Derate the S-watt (JEOEC registered) 
rating linearly to 200°C case temperature at the rate of 28.6 mW/°C. 
The JEDEC registeréd outline for these devices is TO-5. TO-39 falls within TO-5 with the exception of lead length. 
* JE DEC registered data. This data sheet contains all applicable registered date in effect at the time of publication. 
TThese values are quatanteed by Texas Instruments in addition to the JEDEC registered values which are aiso shown, 


USES CHIP P22 


a a I OE 


TEXAS, INSTRUMENTS 4-239 


NCORPORATED 
POST OFFICE BOX $012 © DALLAS, TEXAS 75222 


TYPES 2N3634 THRU 2N3637 
P-N-P SILICON TRANSISTORS 


“electrical characteristics at 26°C free-air temperature 


4-240 


PARAMETER 


Collector-Base 


V(BR)CBO Breakdown 


Voltage 
Coltector-Emitter 


VIBR)CEO Breakdown 


Voltage 
Emitter-Base 


Viarieso Breakdown 


IcBo 


E80 


VBE 


VCE (sat) 


Inge! 


Cobo 


Voltage 
Collector Cutoff 
Current — 
Emitter Cutoff 
Current 


Static Forward 
Current Transfer 
Ratio 


Base-Emitter 
Voltage 


Collector-Emitter 
Saturation Voltage: 


Smalt-Signal 
Common-Emitter 
input Impedance 
Smati-Signal 
Common-Emitter 
Forwerd Current 
Transfer Ratio 
Small-Signal 
Common-Emitter 
Reverse Voltage 
Transfer Ratio 
Small-Signat 
Common-Emitter 
Output 
Admittance 
Small-Signat 
Common-Emitter 
Forward Current 
Transfer Ratio 
Common-Base 
Open-Circuit 


* Output 


Capacitance 
Common-Base 
Open-Circuit 
input Capacitance 


TEST CONDITIONS 


Ig = —100 nA, 


Ig = —10 mA, 


See Note 4 


fe = 104A, 


Vep=-1 


Veg*-3V, 


Voce = —10 V, 


Vce=-1 
Vces-t 
IVcE=—10V, Io =—50mA | 


Vee = —-10V, 


f= 1 kHz 


0OV, Ie«0 


Io=0 


OV, 
[Vces-10V, Ic=—-10mA | 
OV, 


Io=-1mA 


Vce = -30V, 
f= 100 MHz 


Veg = —20V, 
f= 100 kHz 


Vep=-! 


Vv, 


f= 100 kHz 


TEXAS, IN 


INCOR 


t¢ = -0.1 mA 


[Vces-10V, Ic=—-10mA | 
Voces —10V, I¢=—50mA | 


Voge =-10V, I¢*-160mA| 4 
Io=-10mA, Ig=—-1mA 
I¢=-S0mA, Ig=—-B mA 
I¢=-10mA, ig*—tmA 
Io=-50mA, Ig=—5mA 


-0.65 -0.9 |-0.66 -0.9 


See . 
‘Note 


= 


—-0.91-0.65 -0.9 


! 
° 
a 
a 


P~ 
5° 


ig = -10 mA, 


wo 
x 


NOTE 4: These parameters must be measured using pulse techniques. tw = 300 ps, duty cycle < 2%, 


STRUM ENTS 
ORATED 


POCT OFFICE BOX $018 ¢ DALLAB, TEXAS 75222 
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TYPES 2N3634 THRU 2N3637 
P-N-P SILICON TRANSISTORS 


“operating characteristics at 25°C free-air temperature 
TSt~é‘“;C™SCCPARAMETERS Cd TESTCONDITIONS __ | MIN._ MAX | UNIT | 


Vee -10V, I¢=—0.5 mA, 
F t Nol 
Agr tks, fai ke 


“switching characteristics at 25°C free-air temperature 


| ___TESTCONDITIONST | MIN_ MAX | UNIT 


acy -—#A. Vo Ee 


'B(1) = -5 MA, Vee (oft) = 4 V. 
See Figure 1 
Vec2*—100V, Ic = —50mA, 
Ip(1) =—5 MA, 1g(2)=5mMA, 
See Figure 1 


ton Turn-On Time 


to¢¢ Turn-Off Time 


tVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


* PARAMETER MEASUREMENT INFORMATION “ 


-100V 
2k2 
OUTPUT 
1k2 
INPUT 
TEST CIRCUIT 
4Vv : 41V 
t tw 
i INPUT | INPUT 
-6.65V —-— -59V—-— ! ' 
] 
ton fe tofp > 
bs fe] T 
PUT UTPU 
OUTPU 10% 
VOLTAGE WAVEFORMS 
FIGURE 1 


NOTES: A. The input waveforms ere suppiled by # generator with the following characteristics: Zou, = 50 2, tp < 20 ns, te < 20 ns, 
tw * 20 us, duty cycle < 2%. 
B. Waveforms are monitored on an oscilloscope with the following characteristics: t; < 10 ns, Rin > 100 kQ, Ci, < 5 pF. 


*JEDEC registered data 


PRINTED IN U.S.A. 
TE cannot atsume ony responsibility for any circuits shown 
ar represent that they are free from potent Infringement, TEXAS, IN STRUM EN TS 4.241 


NCORPORATED 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POBT OFFICE BOX 5012 ¢ DALLAS, TEXAS 7ERS2 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPES A5T3638, AST3638A 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311952, MARCH 1973 


SILECTT TRANSISTORS? 
FOR HIGH-CURRENT, MEDIUM-SPEED SWITCHING APPLICATIONS 


@ High Collector Current ...500mA 

@ Electrically Identical to 2N3638, 2N3638A (TO-105) 

® High Dissipation Capability 

mechanical data 

These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 


deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


0.200 0.160 
0.008 A xo.010 
L_ 


—————d + 0.002 
t ++ 0.017 * gor DIA. 
ones 3 LEADS 

= 0.005 ono Mn 3- COLLECTOR 


. Lead diameter is not contralied in this area. 
. Leads having maximum diameter (0.019) shal! be within 0.007 of their true positions measured 


in the gaging plane 0.064 below the seating plane of the device relative to a maximum- 
diameter package. 


. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage. . WS ake Ca Sts de OU CAD ak Ric MEMS She eee OE Bey anes Bai Se2OV 
Collector-Emitter Voltage (See Note 1) sik oe Ke eee la B, we Se Bee aa Ne Me ee SH 2EV 
Emitter-Base Voltage 2... 1 ee ee ee ee sie ce See Oe te 8 Weyes eine diree yon ee Ce 
Continuous Collector Current . . 2... 1... ee eee woe eee ee) 6500 MA 
Continuous Device Dissipation at (or bald! 25° C Free-Air Feinpersture (See Note 2) woe ee ee ew es 625 MW 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note3) ........ =.=. «1.25W 
Storage Temperature Range. . . oe ee ee ee ee ee) 65°C to 150°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds ENE hater hese gierase. io av tarts, evade vit «case She S20 
NOTES: 1. 


This value applies between 0.01 MA and 500 mA collector current when the base-emitter diode is open-circuited. 
. Oerate linearly to 160°C free-air temperature at the rate of 5 mW/c. 


3. Derate linearly to 150°C lead temperature at the rate of 10 mW/°C. Lead temperature is measured on the collector lead 1/16 inch 
from the case. 


t Trademark of Texas instruments 
fu.s. Patent No, 3,439,238 


USES CHIP P20 
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TYPES A5T3638, A5T3638A 
P-N-P SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS Aare _| AST oesen 


ViBRICBO Collector-Bese Breakdown Voltage | I¢=-100uA, te=o | 2652 
ViBRICEO Collector-Emitter Breakdown Voltage | Ic =—10 mA, Ip =O, SeeNow4 [-25  [-35 
ViBRICES Collector-Emitter Breakdown Voltage [Ic =—100HA, Vpe = 0 p= C 
ViBRIEBO Emitter-Base Breakdown Voltage le=-100uA, Ic =0 
[Veg =—t8V, Veg 0 | 
i tector Cutoff Cu s 

lp Base Current Noes 08 Ve Maer Oe a 
Vee ==10V, I= —1mA ae eee 
; fo [OES =TOV. I¢=—T0mA ae 

See Note 4 
Sa ney eee nae ee oo 
Voe=—2V._I¢=—200mA a eae 
ae eR 

‘ See Note 4 
cca sie et [pos 2 os 


‘i Collector-Emitter 
CElsat) saturation Voltage 


7 Small-Signal Common-Emitter 

Fe Small-Signal Common-Emitter 
bs Reverse Voltage Transfer Ratio 

h Smail-Signal Common-Emitter 


Smatt-Signal Common-E mitter 
Vce=-3V, Ic=-—50mA, f= 100 MHz 
Pel Forward Current Transfer Ratio ce c ol 
Col - -Circui 
Cobo mmon-Base Open-Circuit Vog=-10V, Ie =0, f=1MHz | | 
T= 


Output Capacitance 
Common-Base Open Circuit 
Input Capacitance 


Cibo Veg=—O5V, Ic= f= 1MHz 


lel T tel 
Fa se ke 


NOTE 4: These parameters must be measured using pulse techniques. tw = 300 us, duty cycle < 2%. 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 
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TYPES AST3638, AST3638A 
P-N-P SILICON TRANSISTORS 


switching characteristics at 25°C free-air temperature 


Po PARAMETER TESTCoNDITIONSt [MIN Max [uNtT | 
tpi)" -30mA, Veg tof) “3.1 V, 
See Figure 1 
Pts Storage Time SSS*:SC = TOV, = S00 mA, 
Pee atime ditty = -30mA, tp (2) = 30m, 
toff - Turn-Off Time See Figure 1 


tvoitage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 


3.1V —10V 
2 
1k2Q OUTPUT 
1 uF 
o 1702 
INPUT 
50 2 
TEST CIRCUIT 
0 


INPUT 


VOLTAGE WAVEFORMS 
FIGURE 1 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Zo," 50%, ty<6ns, te <6 ns, 
tw = 500 ns, duty cycle < 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: tp < 1 ns, Rig, + 100kQ, Ci, < 10 pF. 


PRINTED IN U.S.A. 373. 
Ti cannot essume any responsibility fer any circuits shown 
4-244 TEXAS INST RUM ENTS or represent thet they ere free from patent infringement. 
INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IM ORDER TO IMPROVE DESIGN AND TO SUPPLY THE SEST PRODUCT POSSIBLE. 


TYPES A5T2907, AST3644, AST3645, TIS12 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311318, MARCH 1970—REVISED MARCH 1973 


SILECTt TRANSISTORS} 
DESIGNED FOR HIGH-SPEED, MEDIUM-POWER SWITCHING 
AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 


@ A5T2907, A5T3644, and A5T3645 Electrically Similar to 2N2907, 2N3644, and 2N3645 
e TIS112 Processing Includes Operational Aging at 300 mW for 24 Hours 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


+ 0.002 
O.017 —0.001 pA 


0.185 
20.005 : ‘ 3-COUECTOR 
LEAD TEMPERATURE MEASUREMENT POINT (1/16° FROM CASE: 


NOTES: A. Lead diameter is not controlled in this oreo. 
8. Leods having maximum diometer 10.019: shall be within 0.007 of their true positions, 
in the goging plone 0.054 below the seating plone of the device relative te 
© maximum-diameter pachege. 
C. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


A5T2907 
TIS112 AST3644 A5T3645 
Collector-Base Voitage . . . foe a tar eh A gy diet: be Ga -60V -45V -60V 
Collector-Emitter Voltage (See Note 1) ie ES ARE ak Mee Os ee Sea -40V ~45V —60 V 
Emitter-Base Voltage .... . fe" tae yy Barge tes hed A GE a ios Qed ~5V -5V -5V 
Continuous Collector Current . . o—— —600 mA ——e 


Continuous Device Dissipation at (or below) 25° °C Free-Air Temparstire (See Note 2) -——_——— §25 mW ———> 
Continuous Device Dissipation at (or below) 25°C Case and Lead Temperature 


(SeeNote3) 2... ee ee ee ee Oo 1.6 WW ——er 
Storage Temperature Range . . . Le ee ee ee) Oo = 65°C to 150°C ——> 
Lead Temperature 1/16 Inch from Case for 10 Seconds: Ce ee 280°C 


NOTES: 1. This value applies between 0 and 600 mA collector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 5 mW/°C. 
3. This rating applies with the entire case (including the feads) maintained at 25°C. Derate tinearly to 150°C case-and-jead 
temperature at the rate of 12.8 mW/°C. 


t Trademark of Texas Instruments 
tu. Ss. Patent No. 3,439,238 


USES CHIP P20 
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T EXAS, INSTRUMENTS 4-245 


NCORPORATED 
POST OFFICE om 5012 ¢ DALLAS, TEXAS 75222 


TYPES A5T3644, A5T3645 
P-N-P SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


V(BR}CBO Collector-Base Breakdown Voltage Io =~100uA, Ie =0 
ViBR)CEO Collector-Emitter Breakdown Voltage Ic=—-10mA, Ip =0, See Note 


ViBRIEBO Emitter-Base Breakdown Voltage Ie =-10uA, Ic=0 
Voce = —30V, Vee =0 
Voce =—-50V, Vee =0 
VcE=—-30V, Vee = 0, Ta = 65°C 

see 


UNIT 


ICES Collector Cutoff Current 


> 


hee Static Forward Current Transfer Ratio 


VcE=-1V, I¢=—-50mA 
Vc—E=-2V, I¢=—300mA 


See Note 4 
See Note 4 


VcE=—10V, Ic =—150 mA 


VBE Base-Emitter Voltage 


si 
318 

8 

8 
i ew 


2 y 
8 


2: 


VcE(sat) Collector-Emitter Saturation Voltage 


hy Smail-Signal Common-Emitter 
ie Input Impedance 


a Small-Signal Common-Emitter 
fs Forward Current Transfer Ratio 


ibd Reverse Voltage Transfer Ratio 
h Smail-Signal Common-Emitter 
oe Output Admittance 


Small-Signal Common-Emitter 

h VcE=-15V, I¢*—20mA, f= 100 MHz 
Common-Base Open-Circuit 

Cc Veep =-10V, Ie =0, f=1MH 

obo __ Output Capacitance 

Cc “Base Open-Circuit 

Cibo ommon: pee pen-Circui VeB--O5V, Ic=0, f=1MHe 

input Capacitance 


NOTE 4: These parameters must be measured using pulse techniques, ty = 300 us, duty cycle < 2%, 


a 
ee 


VcE=-10V, I¢=-10mA, f=1kHz 


a 
x 


10~4 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


d Delay Time 
Ic = -—300mA, Ry, =982. See Figure 1 


¢ 


NIT 


5 F 
toff Turn-Off Time 


z 
F : 
5 
4 
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4-246 TEXAS INSTRUMENTS a 


NCORPORATED 
POST OFFICE BOX $012 »« DALLAS, TEXAS 7$222 


TYPES AST3644, AST3645 
P-N-P SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


| I 
— 4 | y—ol 
—o t, le —eol 4 i 
t 90% 90% ! 
INPUT | ! OUTPUT 
Pars 10% 10% 


(See Notes A and B) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1—A5ST3644 end AST3645 


NOTES: A. The input waveform ts supplied by a generator with the following characteristics: Zout = 50 22, ty < 6 ns, ty © 6 ns, ty, = 500 ns, 
duty cycle < 2%. 
8. The cutput waveform is monitored on an oscitloscope with the following characteristics: t, < 1 ns, Ri, < 0.1 M2, Cin < 4 PF. 


373 PRINTED IN U.S.A. 
TI connet assume ony responsibility fer any circuits shown 
or represent that they are free trem potent infringement. TEXAS, IN STRUM ENTS 4-247 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 + CALLAS, TEXAS 75222 


IM ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N3680 
DUAL N-P-N SILICON TRANSISTOR 


BULLETIN NO. OL-8 7211687, MARCH 1972 


RECOMMENDED FOR DIFFERENTIAL AMPLIFIERS 


e Featuring Matching and Tracking Improvements over 2N2453, 2N2642, and 2N2920 
@ Each Triode Electrically Similar to 2N2484 and 2N930 

@ hee at 1A: 80 Min 

@ Matched from —65°C to 126°C 


e 4 Meet Vee2) : Bu VPC Max, Averaged over Temperature Range 


@ Also Recommended for Low-Level Flip-Flops, High-Gain Low-Noise Audio 
Amplifiers, and Transducer Signal-Conditioner Amplifiers 


“mechanical data 


ALL LEADS INSULATED FROM CASE 


Dimensions without tolerance desig- 
nate true position. Leads having maxi- 
mum diameter (0.019) measured in 
gaging plane 0.064" +0,001" -0.000°’ 
below the seating piane of the device 
shall be within 0.007" of their true 
position relative to a maximum width 
tab. 


. COLLECTOR 1 
2. BASE 1 
. EMITTER 1 


. EMITTER 2 
A 


ALL DIMENSIONS ARE IN INCHES . 8 
UNLESS OTHERWISE SPECIFIED + COLLECTOR 2 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


EACH TOTAL 
TRIODE DEVICE 


Collector-Base Voltage 2. 6 ww we th he ee he ee 60V 
Colliector-Emitter Voltage (SeeNotet) 2. 6 2 2 ee tt te 50V 
Emitter-Base Voltage 6 ww ww te et 6V 
Collector-1—Collector-2 Voltage... 1. we ee te te te th he £120 V 
Lead-to-Case Voltage 6 ww ww te ht eh £120V 
Continuous Collector Current 2. 6 6 ee ee ee 30 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) . . . 0.3 W 0.6 W 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note3) .... . 0.6 W 12W 
Storage Temperature Range 2... we ~65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10Seconds .. 2... 1 et el -— 300°C —e 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 175°C free-air temperature at the rates of 2 mW/°C for each triode and 4 mW/"C for total device. 
3. Derate linearly to 175°C case temperature at the rates of 4 mW/°C for each triode and 8 mW/°C for total device. 


*JEDEC registered data, This data sheet contains ail applicable registered data in effect at the time of publication. 


USES CHIP N11 
a a) 


4-248 TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 
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TYPE 2N3680 
DUAL N-P-N SILICON TRANSISTOR 


“electrical characteristics at 26°C free-air temperature (uniess otherwise noted) 
Individual triode characteristics (sea note 4) 


TEST CONDITIONS MIN MAX|UNET | 


V(BR)CBO Collector-Base Breakdown Voltage 


ViBRICEO Collector-Emitter Breakdown Voltage lo=10mA, Ip=0, See Note 6 (so 86 Vf 
ViBRIEBO Emitter Base Breakdown Voltage rigst0ua, Ios SCS Ss Cd 
[Vepi48V, te=o 10] nA 

' ‘ |____ 10 | 
CBO Collector Cutoff Current Von =46V, le 0, TA = 160°C 70 T oa] 
IcEO Collector Cutoff Current Vces5V,  Ip=0 | 10 | nA | 
leBo Emitter Cutoff Current Vep25V, Ic#0 r 10] nA_| 


VcE=6V, Ion 10KA 
VcE=5V, Io™10uA, Ta = -55C 
VoE"5V, Ics 100KA 


Vee Base-Emitter Voltage VcE=5V, !co=10mA 
VCE (sa Collector-Emitter Saturation Voltage {g=0.6mA, I¢=10mA 
hie ‘Small-Signal Common-Emitter Input Impedance 7.5 24 | ko | 


hte Smail-Signal Common-Emitter 
F Cc sf 
‘orward Current Transfer Ratio Vce"5V,  Ig=1mA, f= 1 kHz 
h 


hee Static Forward Current Transfer Ratio 


8 8 
S 8 
Ee mena 


Smalt-Signal Common-Emitter 
re Reverse Voltage Transfer Ratio 
hoe Smail-Signal Common-Emitter Output Admittance 


Small-Signal Common-Emitter 
=5V, Ic= , t= 
hte] Forward Current Transfer Ratio VoE~5 ovine unis a 
Cobo Common-Base Open-Circuit Output Capacitance Vop=5V, !6=0, f= 1 MHz | 6 | pF | 
Cibo Common-Base Open-Circuit Input Capacitance Vep=0.5V, Ic=0, f= 1 MHz [6 | PF CI 


triode matching characteristics 


PARAMETER TEST CONDITIONS 
hee VcE=5V, Ic=10uA, See Note6 ee 
1 


hees VcE=5V, c= 100HA, See Note 6, 
FE2 Tp = —BB°C to 126°C 
BE1—VBE2 Base-Emitter-Voltage Differential VcE=5V. Ic™10uA [3 | mv | 


Taig) 2 -55°C | uv 
VcE=5V, !c=10uA, Tai1)= 28°C, 


Static Forward-Current Gain Balance Ratio 


Base-E mitter-Voltage-Differential 
Change with Temperature 


Ja(Vge1-Vee2) at al 


“operating characteristics at 25°C free-air temperature 
individual triode characteristics (see note 4) 


PARAMETER TEST CONDITIONS [MIN MAX|UNIT 
= Vop=5V. le=—10KA, Rg=10k2, 
F Average Noise Figure f : 
Noise Bandwidth = 15.7 kHz, See Note 7 
NOTES: 4. The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 
5. This parameter must be measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
6. The tower of the two hee readings is taken as hee 4. 
7. Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency rolioff of 
6 dB/octave. 


*JEDEC registered data 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N3702, 2N3703, A8T3702, A8T3703 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311772, JANUARY 1973 


SILECTTt TRANSISTORSt 
@ For Medium-Power Amplifiers, Class B Audio Outputs, Hi-Fi Drivers 

@ Also Available in Pin-Circle Versions... 2N5447, 2N5448 

e For Complementary Use with 2N3704 thru 2N3706 or A8T3704 thru A8T3706 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 1068. The transistors are insensitive to light. 


“ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


0.005 
©.080 (NoTE A) 0.160 T8008 
soo +R 


2N3702 
4 | 3 2N3703 
0.100 
= 2 
’ 
oes = 0.005) Ls wans oor7 + 9-90? 


NOTES: A. Lead diameter is not controlted in this area. 
8. All dimensions are in inches. 


LEADS 
1 2 3 


2N3702, 2N3703 Emitter Collector Base 
A8T3702, A8T3703 Emitter Base Collector 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N3702 2N3703 
A8T3702 A8T3703 


Collector-Base Voltage ied we Rica “wt te” 4 ay “a Yoon, San da) ete Ok eS Fe ... -40V* -~50V* 
Collector-Emitter Voltage (See Note1) .............6--0 see.) 63 25V") -380V"* 
Emitter-Base Voltage . ..... ~. CPAP Got les See, idee ade Rata! Bosak GARG a Col eB eBay® 
Continuous Collector Current 2... ee +——200 mA*—e 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) + cet wa 

Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 3) ‘ ed ane ~~ 
Storage Temperature Range 2 1. ee ee ee s 6B°C to 150°C" 
Lead Temperature 1/16 Inch from Case for 10Seconds . 6... 260°C 


NOTES: 1. These values apply when the base-emitter diode Is open-circuited. 

2. Derate the 625-mW rating linearly to 160°C free-air temperature at the rate of & MW/°C. Derate the 360-mW (JEDEC registered) 
rating linearly to 160°C free-air temperature at the rate of 2.88 mW/°C. 

3. Derate the 1.25-W rating linearly to 150°C lead temperature at the rate of 10 mW/°C. Derate the 500-mW (JEDEC registered) 
rating linearly to 150°C lead temperature at the rate of 4 mW/°C. Lead temperature is measured on the collector lead 1/16 Inch 
trom the case. 

*The asterisk identifies JEDEC registered data for the 2N3702 and 2N3703 only. This data sheet contains all applicable registered data in 
effect at the time of publication. 

cen of Texas Instruments 
U.S. Patent No; 3,439,238 
Texas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. USES CHIP P20 


373 
4-250 TEXAS INSTRUMENTS 
INCORPORATED 


TYPES 2N3702, 2N3703, A8T3702, A8T3703 
P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


PARAMETER 


TEST CONDITIONS 


a Collector-Base 1 100 pA, 
(BRICBO greakdown Voltage = : 


Collector-Emitter 
V(BRICEO Breakdown Voltage 
VisRIEBO Emitter-Base 

Breakdown Voitage 


Base-E mitter Voltage 
Collector-Emitter 
Saturation Voitage 
Transition Frequency 
Common-Base Open-Circuit 
Output Capacitance 


VCE (sat) 


I¢ = —-10 mA, 


Ig = —100 nA, 


Vep = —20 V, 
Vep=-3V, 
VceE=—5V, 
Voce =-5V, 


Vep=-10V, 


Ig = 0, See Note 4 


Io = 90 


ie =0 
Ic =0 
Ig = —50 mA, See Note 4 
Ic = 50 mA, See Note 4 


NOTES: 4. These parameters must be measured using pulse techniques, ty = 300 us, duty cycle & 2%. 


5. To obtain fz, the [nfg| response with frequency is extrapolated at the rate of —6 dB per octave from f = 2 


at which Jh¢g] = 1. 


*The asterisk identifies JEDEC registered data for the 2N3702 and 2N3703 only. 


2N3702 2N3703 
Carrs cer UNIT 


0 MHz to the frequency 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


P-7—Maximum Continuous Device Dissipation—mW 


0 25 50 75 100 125 
Ta—Free-Air Temperature—"C 


FIGURE 1 


150 


P+—Maximum Continuous Device Dissipation—mW 
© 
=) 


LEAD TEMPERATURE 
DISSIPATION DERATING CURVE 


1600 


1400 


1200 


0 25 50 7 


T_—Lead Temperature— °C 


FIGURE 2 


125 


PSS 


150 
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TYPES 2N3704 THRU 2N3706, A8T3704 THRU A8T3706 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311771, JANUARY 1973 


SILECTTt TRANSISTORS! 
e@ For Medium-Power Amplifiers, Class B Audio Outputs, Hi-Fi Drivers 


e Also Available in Pin-Circle Versions . .. 2N5449, 2N5451 
@ For Complementary Use with 2N3702, 2N3703 or A8T3702, A8T3703 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


“ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


=| 0.050 (NOTE A) 0.160 By 
0.100 +090 100 +0.008 A8T3704 


0.200 aus A8T3705 
tag Me : - A8T3706 
1 oo 0.100 


= 0.005 2 
|. gm i 
*Otae aca 0.050 = 0.005. + 9.002 


3 ukaps 0.017 * 3.057 


NOTES: A. Lead diameter is not controlled in this area. 
B. Alt dimensions are in inches. 


DEVICE LEAD 


1 2 3 
2N3704, 2N3705, 2N3706 Emitter Collector Base 
A8T3704, A8T3705, A8T3706 Emitter Base Collector 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N3704 

2N3705 

A8T3704 2N3706 
A8T3705 A8T3706 


Collector-Base Voltage 2... 2... el, . 50V* 40 v* 
Collector-Emitter Voltage (See Note1) ........2.2.2.2.2.2.2.2...., ... 30V* 20 v* 
Emitter-Base Voltage 2... ee ee te wats 5v" 5v* 
Continuous Collector Current ..........2.2.24.. Soe ee eee ew 800 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) ae ~<e0 vee 

‘ " er ° 1.25 W§ 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note3) ..... 500 mW* 


° 
Storage Temperature Range 2 2. ke ee —65°C to 150°C* 
o 
Lead Temperature 1/16 Inch from Case for 10Seconds ....... oe ee ee ee 260° CX — 
NOTES: 1. These vaiues apply when the base-emitter diode is open-circuited. 

2. Derate the 625-mw rating linearly to 750 C free-air temperature at the rate of 5 mW/°C. Derate the 360-mW (JE OEC registered) 
rating linearly to 150 C free-air temperature at the rate of 2.88 mW/ C. 

3. Derate the 1.25-W rating linearly to 150°C lead temperature at the rate of 10 mW/°C. Derate the 500-mW (JEDEC registered) 
rating linearly to 150°C lead temperature at the rate of 4mW/*C. Lead temperature is measured on the collector lead 1/16 inch 
from the case. 

“The asterisk identifies JEDEC registered data for the 2N3704, 2N3705, and 2N3706 only. This data sheet contains all applicable registered 
data in effect at the time of publication. 

t Trademark of Texas Instruments. 
U.S. Patent No. 3,439,238. 
Texas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. 


USES CHIP N24 
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TYPES 2N3704 THRU 2N3706, A8T3704 THRU A8T3706 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 
2N3704 
ABT3704 


PARAMETER TEST CONDITIONS 


v Collector-Base 1 100 nA Ic <0 
(BR)CBO Breakdown Voltage c ’ E 


. Collector-Emitter Ic = 10 mA, Ig = 9, 
(BR)CEO Breakdown Voltage See Note 4 


Low | , 
Emitter-Base 
v Ig =100nA, I¢=0 
(BRIEBO Breakdown Voltage e Bist io ate Me 


h Static Forward Current 
FE Transfer Ratio See Note 4 
Vce =2V, i¢ = 100 mA, 

Vv Base-Emitter Vol Vv 

¥ Collector-E mitter Ig =5mA, ic = 100 mA, 

CE(sat) Saturation Voltage See Note 4 

us Voce =2V, Ic = 50 mA, 
Transition Fr 

See Note 5 


Common-Base Open-Circuit Vep=10V, te =9, 


ft 
Cc 
‘obo Output Capacitance = 1MHz 


NOTES: 4. These parameters must be measured using pulse techniques. ty, = 300 ys, duty cycle < 2%. 
5. To obtain fr, the heel response with frequency is extrapolated at the rate of —6 dB per octave from f = 20 MHz to the frequency 
at which |h¢q] = 1. 


*The asterisk identifies JEDEC registered data for the 2N3704, 2N3705, and 2N3706 only. 


TYPICAL CHARACTERISTICS 


2N3705, A8T3705 


STATIC FORWARD CURRENT TRANSFER RATIO 


“ 
COLLECTOR CURRENT 


Ta= 28°C TM 
400 | See Note 4 


i 0 
Ue 


0 


BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 


100 


COLLECTOR CURRENT 


vs 
COLLECTOR CURRENT 


ait | 
et TT 


i ON 
PU ET 
ani A 
0.01 6.1 1 10 100 1000 

i¢—Collector Current—mA 


Ic . 

Te 10 
Ta = 26°C 
‘See Note 4 


CoCo 
CT A 


A 
aa 


hf E—Static Forward Current Transfer Ratio 


FIGURE 4 f 


Vpe—Base-Emitter Voltage—V 


VCE (sat}—Collector-Emitter Saturation Voltage—V 


M \ 
HN a 
- NEN 
0.1 1 10 100 1000 
| ig—Collector Current-mA i¢—Collector Current-mA 
FIGURE 2 FIGURE 3 
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IN ORDER 10 IMPROVE DESIGN AND TO SUPPLY THE BEST PROOUCT POSSIBLE. 


TYPES 2N3707 THRU 2N371, A5T3707 THRU AST37N, A8T3707 THRU A8T3711 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311965, MARCH 1973 


SILECTt TRANSISTORS? 
e Ideal for Low-Level Amplifier Applications 


© Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 
Pin-Circle Configuration 


e Recommended for Complementary Use with 2N4058 thru 2N4062, AST4058 thru 
A5ST4062, or A8T4058 thru A8T4062 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case wil! withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


2N3707 THRU 2N3711, A8T3707 THRU A8T3711 


*ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 
+0.005 


0.050 (NOTE A) 0.16 _o935 
=I ‘3 or 100 +0.005 
= —0.020 2N3707 A8T3707 
Oias —_ thru thru 
2N3711 A8T3711 
0.005 
0,200 


NOTES: A. Lead diameter is not controlled in this area. 
B. All dimensions are in inches. 


LEAD 
DEVICE 
1 2 3 


2N3707 thru 2N3711 Emitter Collector Base 
A8T3707 thru A8T3711 | Emitter Base Collector 


A5T3707 THRU A5T3711 


0.018 
(NOTE A) 


0.160 
0.910 


NOTES: A. Lead diameter is not controlled in this area. 

8. Leads having maximum diameter (0.019) shall be within 0.007 of their 
true positions measured in the gaging plane 0.054 below the seating 
plane of the device relative to a maximum diameter package. 

. Ait dimensions are in inches. 


0.200 
0.005 A 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Collector-Base Voltage 


ee ee 4 : 30 v* 
Collector-Emitter Voltage (See Note 1) Boe LSet Se Bee aTSe De ante adele 30 V* 
Emitter-Base Voltage fie Si ata PARE AO EE coy Fa ea Pas Eh per ai Net ot Sh he ye dln Selanne Fig atoaeie tare 8 OG 
Continuous Collector Current 2 2.) we 30 mA* 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) ... . . = idle 
Storage Temperature Range bo op eth GS ar Se ee eee. GAL eG ote eee 6876 t07150°C* 
Lead Temperature 1/16 Inch from Case for 10 Seconds te PN ee, ba: + @ alow hee dat ge LS 260°C* 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 


2. Derate the 625-mW rating linearly to 150°C free-air temperature at the rate of 5 mW/°C. Derate the 360-mW (JEDEC registered) 
rating linearly to 150°C free-air temperature at the rate of 2.88 mW/°C. 


*The asterisk idantifies JEDEC registered data for the 2N3707 through 2N3711 only. This data sheet contains all applicable registered data in 
effect at the time of publication. 


TTrademark of Texas Instruments 
tu.s. Patent No. 3,439,238 


Texas Instruments guarantees this value in addition to the JEDEC registered vaiue which is also shown. USES CHIP N21 


EE ee Te a EE TIE BE I gS STE TNA TGS EE I TI 
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2N3707 THRU 2N3711, AST3707 THRU AST371, A8ST3707 THRU AST37i 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


Vv Collector-Emitter 
{BR)CEO Breakdown Voltage 
Collector Cutoff 
1 Vegp2=20V, if 70 
CBO Current ‘cB = 20 E 


lEBO Emitter Cutoff Current} Veg = 6 V, i¢=0 


hee Static Forward Current} Vce = 5 V, Ic = 100 nA 
Transfer Ratio Voce *5V, loz 1mA 
Vce=5V, tc= ima 
Collector-Emitter 
Saturation Voltage 
Small-Signat 
Common-Emitter 
Forward Current 
Transfer Ratio 


2N3711 


Ic =1mA, {g=0 


VCE (sat) 1gp=0.5mA, Ic=10mA 


Vce=5V, I¢ = 100 nA, 
f=1kHz 

Vce =5V, lo¢= 1mA, 
f=1kHz 


*operating characteristics at 25°C free-air temperature 


2N3707, 
PARAMETER TEST CONDITIONS A5T3707, A8T3707_| UNIT 
MIN TYP MAX 


Sebi ss maa | wes | 
F Average Noise Fi 
verage Note FiQUre | Noise Bandwidth = 15.7 kHz See Note 3 


NOTE 3: Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency rolloff of 
6 dB/octave. 
*The asterisk identifies JEDEC registered date for 2N3707 through 2N3711 only. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


P7—Maximum Continuous Device Dissipation—mW 


0 25 50 75 100 125 1650 
Ta—Free-Air Temperature—C 


FIGURE 1 
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4-258 


TYPES 2N3724, 2N3724A, 2N3725, 2N3725A 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7310081, JUNE 1967—REVISED MARCH 1973 


FAST, HIGH-VOLTAGE, HIGH-CURRENT CORE DRIVERS 
e hfe Guaranteed from 10 mA to 1.6 A 
@ Guaranteed Switching Times at One Ampere (2N3724A, 2N3725A) 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


0.100 MN 
DETAILS OF CUTLING IN. 
‘THIS ZONE OPTIONAL 


ALL JEDEC TO-38 DIMENSIONS AND NOTES ARE APPLICABLE 
ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 


Peak Collector Current (See Note 2) 

Continuous Device Dissipation at (or below) 25°C 

Free-Air Temperature (See Note 3) 

Continuous Device Dissipation at {or below) 25°C ot 
Case Temperature (See Note 4) 3.5° 


NOTES: 1. These values appiy between 0.01 mA and 600 mA collector current when the base-emitter diode is open-circulted. 
2. This value applies for square-wave pulses. t, = 300 us, duty cycle < 2%. 
3. For the 2N3724 and 2N3726, derate jIneerly to 200°C free-air temperature at the rate of 4.57 mW/°C. 
For the 2N3724A and 2N372BA, derate linearly to 200°C free-air temperature at the rate of 5.71 mW/C. 
4. Derate the 10-watt rating linearly to 200°C case temperature at the rate of 87.1 MW/°C, Derate the JEDEC registered ratings 
linearly to 200°C case temperature at the rates of 20 mW/C for the 2N3724 and 2N3725 and 28.6 mW/°C for the 2N3724A 
and 2N3726A. 


*"JEDEC registered data. This data sheet contains a)! applicabie registered data in effect at the time of publication, USES CHIP.N13 
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TYPES 2N3724, 2N3724A, 2N3725, 2N3725A 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (uniess otherwise noted) 
[tame [var enon FN 
Collector-Base | 
[iwc tna [eae 
Vpiicec: eeataee vena c= 10m, h=0, Seomms [0 


ae ete [Sew bee ee a ie 
Vos =40V, K=O | aes HA 
[Vo= 40, b= 0, t= voor] iol so; | [maT 
Reso Sei Sen Vos = OV, = 0 ee A 
Vos = 60%, K=O, Tra=toorc? | | 10S 
TVcg=50V, Ve=O =| STS TCT 
me alee aot Crete 
Ce ee me A CT 
Veg =8OV, We=O || ST SOT 10 [| 
Ves =1¥, Ic = 10m | Ee Ee ee ee 
roo 150 foo 150 [60 150] 60 150] | 
eer gree| fe fe [a fe 
Ta = 55°C 
ey ave Ves =1¥, Ic = 300 mA ee Ce ee 
hee Troster Ratio Vos =1¥, lc = 500mA Ea Ee Ee 
Vos = 1V, fc = 500 mA, 
eek, Ee Cee eee 
Ver = 2¥, Ic = 800 mA a Ee ee 
Es Ee ee 
[Vos =5¥, Ic=15A_| ees Ce ee Te: ee 
076 | 076]  076| 0.76] V | 
Ip = VOmA, Ic = 100 mA ee ee 
F scene Meats is = 30mA, Ic = 300 mA ee a 
Ip = SOmA, Ic = 500 mA foal jos ti ios 11 [o8 if ¥ | 
ip = 80 mA, Ic = 800 mA Pus{ tats 
tn = 100mA, Ic = VA Po fey ate a 
l= 1mA,__ Ic =10mA 0.25 025 0.25) 
eae 
ey ee lp = 30 mA, Ic = 300 mA Posz] OAT 


P 0.42 | 
Ip = 80 mA, Ic = 800 mA — 
I, = 100 mA, lo = TA P 0.95 | 
[ee ee turto | You = YOV, tc = SO mA, 1 = 100 Miz fae | Dae 
Common-Base Open-Circult | 10] 
Cove Output Capacitance 
¢ Common-Base Open-Circult 
ube Input Capacitance 


NOTE 5: Those poremoters must be measured using pulse techniques. 1, = 300 xs, duty cycle sm 


* JEDEC registered data 
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TYPES 2N3724, 2N3724A, 2N3725, 2N3725A 
N-P-N SILICON TRANSISTORS 


*switching characteristics at 25°C free-air temperature 


TEST CONDITIONS 


ta Delay Time lc = 500 mA, 


ton = 50 mA, Veeiotn = -38 Vy, 


| ton _Tum-On Time | & = 581, See Figure 1 
lc = 500 mA, 
[tr _ Fall Time | 


toa) = 50 mA, Vota) = -50 mA, 
R, = 58.9, See Figure 1 

le = 1A, 

Voqy = 100 mA, Voatoth = 24, 
Rk = 309, See Figure 2 

le =1A, 

tay = 100 mA, lea) = 

R = 300, See Figure 3 


TVeltage and current valves shown ere neminal; exact valves vary slightly with transistor parameters, 


*PARAMETER MEASUREMENT INFORMATION 


+30 V 


INPUT 


TEST CIRCUIT 


VOLTAGE WAVEFORMS 


FIGURE 1 — 500-mA SWITCHING TIMES 


WOTES: a, The input waveforms are supplied by @ generater with the following characteristics: Zu, = 500, 1, < Vas, ty <1 Ws, t, mus | ps, duly cycle S 2%, 


b. The waveforms are monitered on on oscillescepe with the following cherecteristics: 1, < las, &i, > 100 kD, Gin S 7 oF. 
* JEDEC registered dete 
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1-258 TEXAS INSTRUMENTS 


CORPORATE 
POST OFFICE aon $012 « ee TEXAS 75222 


TYPES 2N3724, 2N3724A, 2N3725, 2N3725A 
N-P-N SILICON TRANSISTORS 


*PARAMETER MEASUREMENT INFORMATION 
+30 V 


+10.9V --O 
INPUT 
-2V 
OUTPUT ; 
INPUT © —P] fon ae 
t 
t 
t OUTPUT 
90% 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 2 — 1-AMPERE TURN-ON TIME (2N3724A AND 2N3725A) 
+30 V 
+11.4V <= 
INPUT 
8.6V 
OuTPUT { 
le tote 4 
INPUT ! 
I 
IN916 OUTPUT 10% 
4VvV = 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 3—1-AMPERE TURN-OFF TIME (2N3724A AND 2N3725A) 


NOTES: a. The input waveforms have the following characteristics: 
For measuring turn-on time: t, < 2s, 'p = 200 ns, duty cycle < 2%. 
For measuring turn-off time: ty << 3 ns, = 200 ns to 10 ys, duty cycle = 2%. 


b. The output waveforms are monitored on an oscilloscope with the following characteristics: 1, < Uns, &, > 0 k82, C, < 7 oF. 


“Indicates JEDEC registered data 


THERMAL INFORMATION 
FREE-AIR TEMPERATURE CASE TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


ESS cooe EXGEZERS 
SSaetee NJ ALL TYPES 
ES Ts i 
PT NA LE 


1.2 


~~ 
N 


10 


ON3725A, TI Guaranteed 
6 


JEDEC Registered 


Scene 
2 +-2N3724, ee 

JEDEC Registered SAL 
0 


0 25 50 75 100 125 150 175 200 


P-+>—Maximum Continuous Device Dissipation—W 
° 
o 

P7—Maximum Continuous Device Dissipation—W 


0 25 50 75 100 125 150 175 200 


Ta—Free-Air Temperature—C Tc—Case Temperature—°C 
FIGURE 4 FIGURE 5 
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TYPE 02173725 
QUAD N-P-N SILICON TRANSISTOR 


BULLETIN NO, DL-S 7311518, AUGUST 1971—REVISED MARCH 1973 


FAST, HIGH-VOLTAGE, HIGH-CURRENT CORE DRIVERS 


(TOP VIEW) 


© hFE Guaranteed at 100 mA and 500 mA 

e V(BR)CEO...40V Min 

e V(BR)CBO...60V Min 

© VBE and VCE(sat) Guaranteed at 100 mA and 500 mA 
@ ton...35 ns Max at 500 mA 

© toff...65 ns Max at 500 mA 

@ Monolithic Version Available... T1S127 


mechanical data 


| QOQOQ NOTES: 


a, The true-position pin spacing is 0.100 
between centerlines. Each pin center- 
line is located within 0.010 of its true 

>| foo070 max 14 e1aces longitudinal position relative to pins 4 


Faro an and 11, 
: - All dimensions are in inches unless 
otherwise noted. 


Falls Within JEDEC TO-116 and 
MO-001AA Dimensions 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


EACH TOTAL 

TRIODE DEVICE 
Collector-Base Voltage tae te Lak De ahh a ed Ca soe a, We cane vam “ten ah a ae eh 60 V 
Collector-Emitter Voltage (See Note1) . 2... 0. ee 40V 


Emitter-Base Voltage - 2 6... ee 6V 
Continuous Collector Current 2 6. 1 ee « . 500mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2). . . . O.5Wt 1.5 wt 
Storage Temperature Range 2... . ee ee ee es.) 58°C to 150°C 
Lead Temperature 1/16 Inch from Case for 10Seconds. . ....... i. aus) Mage a us 260°C 


NOTES: 1. This value applies between 0.01 mA and 500 mA collector current when the emitter-base diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rates of 4 mW/°C for each triode and 12 mW/‘C for the total device, 


t Previous editions of this deta sheet showed higher power dissipation ratings which have been found to be in error. The new ratings correct these 


errors and do not represent product changes. USES CHIP N13 
eS SSS STS aS Se 
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TYPE 0273725 
QUAD N-P-N SILICON TRANSISTOR 


electrical characteristics at 25°C free-air temperature 


[VipRyca0 Collector Bese Breakdown Voltas ———=dIG= TWA te=0SSSSSSC~s 
[Wiaryceo Collector Emitter Breakdown Voltqe [ig=10mA,_Ig=0 _SeeNowe3___—+ ao_—* 
[Vieryces Collector Emitter Breskdown Voltage [1¢= 104A, Vg =0 Po | 
[VipR)E80 Emitter ase Breakdown Voligpe [ig =10nA,ig=0 SSS 
eas) 
Ec] 
La 


[aan MAX] UNIT] 


IcBo Coliector Cutoff Current Vcop=40V, Ie =0 
; VceE=1V, tco=100mA 60 200 
h Static Forward Current Transfer Ratio See Not 
ree Bate formtcam tanto [Ey tg = 600. mA aces EJ 
ip=10mA, ic = 100™mA 
v Base Emitter Vol Jip=tOmA, igs T0OmA | cee Not . 
ea ee ce eSie00 iA eee 


: ' Igp=10mA, Ic = 100mA 
Vv Goilagiore miter Seauiation Volk [IB=10mA, Ic=100mA igi 
CE (sat) Mem a oe ip=50mA, ic = 500 mA Ser Notes 


Smatt-Signal Commor-E mitte: 
heel > pias VCE=10V, i¢=50mMA, f= 100 MHz fas 


Forward Current Transfer Ratio 


Cobo Common-Base Open-Circuit Output Capacitance | Vcg =10V, I¢ =0, f= 1MHz 
Cibo Common-Base Open-Circuit Input Capacitance | Veg =0.5V, Ic =0, f= 1MHz 


NOTE 3: These parameters must be measured using pulse techniques. ty = 300 us, duty cycle < 2%. 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS [ MAX | 
Ic = 500 mA, 19(1) = 50MA, VBE(off) = —3.8 V, 
Turn-On Ti 
‘on ies RL=589, See Figure 1 
Ic = 500 mA, Ig(4) = 50 mA, Ig(2) = —50 mA, 
t Off Ti 


t Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 
+30 V 


uF +9.7V 
t-o OUTPUT inpure 
0 
ee betonel he tort 
! \ 
INPUT 1 I 
i I 
H 10% 
dex OUTPUT 
TEST CIRCUIT VOLTAGE WAVEFORM 


FIGURE 1—500-mA SWITCHING TIMES 
NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Zo\,; = 50 92, ty & 1 ns, te < 11s, tw * 1 &s, 


duty cycle < 2%. 
b, Tha waveforms ara monitored on an oscilloscope with the following characteristics: t) < 1 ns, Ri, # 100k, Cin < 7 PF. 


a71 PRINTED IN U.S.A. 
TI cannot assume any responsibility for any circuits shown 
or represent thot they are free from potent infringement. TEXAS INSTRUM ENTS 4-261 
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(N ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N3734, 2N3735 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 11980, MARCH 1973 — REVISED OCTOBER 1978 


FOR HIGH-CURRENT, HIGH-SPEED SWITCHING AND DRIVER APPLICATIONS 
e hee Guaranteed from 10 mA to 1.5A 
e Guaranteed Switching Times at One Amp 


mechanical data 


THE COLLECTOR !S IN ELECTRICAL CONTACT WITH THE CASE 


0.5 MIN 


CASE TEMPERATURE 
MEASUREMENT POINT 


0.100 MIN 


DETAILS OF OUTLINE IN. 
a TIS ZONE OFTIONAL 


ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 


ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE® 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N3734 2N3735 


Collector-Base Voltage . . . Bibi Se tee ta AE sie a baht tats Daal ces a tata ote 50 V* 75 v* 
Collector-Emitter Voltage (See Note 1) BOGUS Sates by oOo er eck ws Soe ail, es Neae ie gl Me 30 v* 50 v* 
Emitter-Base Voltage 5 6 ww ee 5v* 5v* 
Continuous Collector Current . . . . . ——15 A* —— 
Continuous Device Dissipation at (or below) 25° Cc ‘Free-Air Temperature (See Note 2 . + 1w* —- 

T 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) lO A To 
Storage Temperature Range 2 2 2. ee ee ee Oe BEPC to 200°C* —e 

t 
Lead Temperature 1/16 Inch from Case for 10 Seconds ..... 2... 1 1 eee ee scar ah 


NOTES: 1. These values apply between 0 and 100 mA collector current for 2N3734 or 0 and 40 mA for 2N3735 when the base-emitter diode 
is open-circuited, 
2. Derate linearly to 200°C free-air temperature at the rate of 5.71 mW/°C, 
3. ODerate the 10-watt rating linearly to 200°C case temperature at the rate of 57.+ mW/°C. Derate the 4-watt (JEDEC registered) 
rating linearly to 200°C case temperature at the rate of 22.8 mW/°C. 


*The JEDEC registered outline for thasa devices is TO-5. TO-39 falls within TO-5 with the exception of lead length. 
*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication, 
T These vatues are guaranteed by Texas Instruments in addition to the JEDEC registered values which are also shown. 


USES CHIP N13 
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TYPES 2N3734, 2N3735 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


| __2N3734_ | ~=2N3735_—| 
atoll Twin MAX [MIN max| UNIT 


TEST CONDITIONS 


VignicB0 Collector-Bes Breskdown Volnge _[ig= 104A, ig =0 ee ae 
a IBRIORD. Collector: Ermitter Breaksown Voltens (ICS 10 CA... 1a *0, ae 
ViBR)EBO Emitter-Base Breakdown Voltage le = 10 uA, I¢=0 a ee 7 
Morin 20t Veen ev a a 
Voge 26V, Vee=-2V, Tantooc | 2] 
t Collector Cutoff Current 
ae Vce=40V,_Vae==2¥ as 
Voe=40V, Vee=—2V. Taste | | 20} 
ees Vee ee a 
iBEV Base Cutoff Current CE BE * —2 7 
cee eee a ee) 
vgn TY elon SS rr 
gee eee eee 
PN: 5 Satie Rorivard Ciereneiriaieteatio: [Vege Vi; Age EOO IA | SebNews [Tae 7 =e] 
bn SoA BORE iat | 30 720{ 20 80] 
Ges Mes SA a 
Batok __ie= toms [a8 [a 
aie Ei eee | 
v Base-Emitter Vol We=1SMA, Ic=150MA | oN otea r 
BE jase-Emitter Voltage igs Boma, = BOO TE ats 
B= mA, teW tA [os 14] 09 14] 
Se soe eee el pT 02 
IBS IS mA, ler BOMAT owe. [98 88] 
oe ee rs 
eer a) eee) 
Smail-Signat Common-Emitter 
Vc—E=10V, I¢=50mA, f= 100 MH 
Common-Base Open-Circuit 
S Vep=10V, IEe=0, f= 100 kH 
_ Output Capacitance ca 10 ihe eAtiy | et of or | 
Common-Base Open-Circuit 
‘ Ves=0.5V, Ic=0, € = 100 kH 
== Sc 


NOTE 4: These parameters must be measured using pulse techniques. ty = 300 us, duty cycle < 2%. 


*switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONSt 


tg Detay Time Vec=30V, Ic=#1A, 1B(1) = 100 mA, 
Vee oft)" ~2V. Seo Figure 1 


; Vec=30V, Ic=1A, 1B(1) = 100 mA, 
tot¢ Turn-Off Time 1B(2) = —100 mA, See Figure 2 


ay Total Control Charge Ic=1A, Ig=100mA, See Figure 3 


¢ 
z 
4 


t Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


*JEDEC registered data 


1078 
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NCORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


TYPES 2N3734, 2N3735 
N-P-N SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


te <2ns 
+30V HAVES 
302 tw < 200 ns INPUT, 
-2V 
OUTPUT 
14 
_ INPUT ©- — | ap 
100 2 >t 
7 1 
{ 
\ OUTPUT 
7 90% 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1—DELAY AND RISE TIMES 
+30 V 
302 
OUTPUT 
100 2 
INPUT 
1N916 
OUTPUT 
-4V 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 2—STORAGE AND FALL TIMES 
+30 V inten eat Sedu 
1000 pF 30.2 INPUT | | 
0 
OUTPUT 
10% 
INPUT OUTPUT ooxg | “5? 
100 2 a 
t= t7 < 16 8 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTE: Or < 10 nC when the transistor turns off 
monotonically as shown by the solid line. 


FIGURE 3—TOTAL CONTROL CHARGE 


NOTES: a. The input waveforms are suppiied by # generator with the following characteristics: Zour = 50 82, duty cycle <2%. 
b. Waveforms are monitored on an osclitoscope with the following characteristics: tp < 5 ns, Ain > 100 kN, Cin < 12 pF. 


PRINTED IN U.S.A. 
Tt connot assume any responsibility for any circuits shown 
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TYPES 2N3798, 2N3799 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 739898, MARCH 1967—REVISED MARCH 1973 


FOR LOW-LEVEL, LOW-NOISE, HIGH-GAIN AMPLIFIER APPLICATIONS 


© Recommended for Complementary Use with 2N2484 and 2N3117 
© Guoranteed Low-Noise Characteristics 
e Excellent hy, Linearity from 10 A to 10 mA Collector Current 


*mechanical data 


THE COLLECTOR 1S IN ELECTRICAL 
CONTACT WITH THE CASE 


ALL JEDEC 10-18 DIMENSIONS AND 


WOTES ARE APPLICABLE 


Aik DUARNSIONS ART 
6 INCHES 
UNLEM OTHERWISE 
srecwep 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . 2. 1. 1. 1 ee te ee te ee we ee ee ee OV 
Collector-Emitter Voltage (See Note 1)... ... ii ee Be Be ee ela BR & Cte OV 
Emitter-Base Voltage . . 2. 2. 2. 1 2 6 ee ew ee jonat et & Gestion ss Ser ge BN 
Continuous Collector Current. . . . oe « 6 “SOMA 
Continuous Device Dissipation at (or below) 25°C Free-Air Tososraas (See Nene 2) oo + 2 860mW 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3). . . . . 12W 
Storage Temperature Range. . . . we ee ew wt ww we OSS to 200°C 
Lead Temperature Xs Inch from Case for 10 Secoadh sae e ca Cater Wi ey ven cece s Bd ee AOlG 


NOTES: 1. This value applies between Q and SO mA collector current when the base-emitter diode is epen-circelted. 
2. Derate linearly te 200°C free-air temperature at the rate of 2.06 mW/deg. 
3. Dorate linearly te 200°C case temperature at the rate of 6.06 mW /deg. 


“Indicates SEDEC registered dote 
USES CHIP P19 


TEXAS IN STRUMENTS 4-265 


INCORPORATE 
POST OFFICE BOX 5012 « eee TEXAS 78222 


TYPES 2N3798, 2N3799 
P-N-P SILICON TRANSISTORS 


4-266 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER nares 


Visriceo _ Collector-Base Breakdown Voltage 
Visriceo _Collector-Emitter Breakdown Voltage 


Viereso _Emitter-Base Breakdown Voltage 


leso Collector Cutoff Current 


2N3799 
MIN MAX 


TEST CONDITIONS 


See Note 4 


Vos = =-50 V, le a 0, Ta = 150°C 
Ven = -4V, le =0 


Vee =-§ V, le =-] pA 


b 
lel] 2 


Emitter Cutoff Current 


h Static Forward Current 
re Transfer Ratio 


= 100 pA, T, = —55°C 
Vor = —5V, Ie = —100 pA 
= —100 pA 
—I mA 


Base-Emitter Voltage 


Voeisay  Collector-Emitter Saturation Voltage Ip = =100 pA, Ie = —1 mA 


h; Small-Signal Common-Emitter 


Ihel Small-Signal Common-Emitter Woe = —5V, Ie = —500 yA, f = 30 MHz 
- Forward Current Transfer Ratio Voe =-5V, Io =—I mA,  f = 100 MHz 


Common-Base Open-Circult i = tes 
Cobo Output Capacitance Vos = -5 vy, k= 0, f = 100 kz 


*operating characteristics at 25°C free-air temperature 


PARAMETER 


Vee = -10 vy, Io = —100 pa, Re = 3 kQ, 

f = 100 Hz, Noise Bandwidth = 20 Hz 

Voce = —10 V, le = —100 pA, Re = 3k0, 
spe Nein Fagot f= Tkllz, Noise Bandwidth = 200 Hz 

Voce = —10 V, Ic = —100 yA, Re = 3k, 

f = 10 kHz, Noise Bandwidth = 2 kz 


te 
ee Connon tier Vor = —10¥, 
Me Forward Current Transfer Ratio pea 150 600 | 300 900 || 
h Small-Signal Common-Emitter = 4 25 
es Reverse Voltage Transfer Ratio x 104 x 104 
Small-Signal Common-Emitter 
hoe Output Admittance pan 
Y 


F 
NF Average Noise Figure 


NOTES: 4. These parameters must be measured using pulse techniques. ,= 300 jus, duty cycle < 2%. 
5. Average Noise Figure Is measured in on amplifier with low-frequency response down 3 dB at 10 Hz. 
*Indicates JEDEC registered dato 


PRINTED IN U.S.A, 
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TYPES 2N3806 THRU 2N3811 
DUAL P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7211686, MARCH 1972 


TWO TRANSISTORS IN ONE PACKAGE 
RECOMMENDED FOR 


e Differential Amplifiers 
e High-Gain, Low-Noise Amplifiers 
@ Low-Level Flip-Flops 


¢ Complementary Use With 2N2913 Thru 2N2920 And 
2N2639 Thru 2N2644 Dual N-P-N Transistors 


*mechanical data 


ALL LEADS INSULATED FROM CASE 


Dimensions without tolerance designate 
true position. Leads having maximum 
diameter (0.019) measured in gaging 
plane 0.054" +0.001" -0.000" below 
the seating plane of the device stall be 
within 0.007” of their true positions 
relative to a maximum-width tab. 


_ 1. COLLECTOR 1 
2. BASE 1 ALL DIMENSIONS ARE 
3, EMITTER 1 IN INCHES 
§. EMITTER 2 UNLESS OTHERWISE 


6. BASE 2 SPECIFIED 
7. COLLECTOR 2 


MIN—MAX hee MAX \Vee1 — Vee2| bee MATCHING 
(Ig = —0.1 to —1 mA) (Ig = —100 2A) (ig = —100 uA) 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


EACH TOTAL 
TRIODE DEVICE 


Collector-Base Voltage . . . Ugh cat aihih Was eter oh Sot Tae Sei toa We eke ~60 V 
Collector-Emitter Voltage (See Note 1) i, ag ere SRO pias Gee Rar’ Seeders olga yeas odd -—60 V 
Emitter-Base Voltage . . be ae Sd te ASB Vere se. hee, ea el tee Ce ge ee gs a ae a GF oes -5V 
Continuous Collector Cament: ie .. . —50mA 
Continuous Device Dissipation at (or below) 25° C Free-Air Temperature (See Note 2) » . . 500mW 600 mW 
Storage Temperature Range . . . wee ee we ee eee ew © BEPC to 200°C 
Lead Temperature 1/16 Inch from Case tr, 10 Seconds: Peta Bike oe Oe we AO — 230°C——» 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 200°C free-air temperature at the rates of 2.9 mW/‘C for each triode and 3.4 mW/°C for total device. See 
Dissipation Derating Curve, Figure 1. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


USES CHIP P19 


TEXAS, IN STRUMENTS 4-267 


RPORA 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES 2N3806 THRU 2N3811 
DUAL P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


individual triode characteristics (see note 3) 


PARAMETER 


V(BR)CBO Collector-Base Breakdown Voltage {e=—10HA, Ip =0 
ViBR)CEO Collector-Emitter Breakdown Voltage Ic =—10mA, 'g=9, See Note 4 
V(BR)EBO Emitter-Base Breakdown Voltage Ie=-10nA, Ic=0 


TEST CONDITIONS 


2N3806 2N3807 
2N3808 2N3809 UNIT 
2N3810 2N3811 


Vcop2—50V, Ie =0 
IcBOo Collector Cutoff Current cB E J 
Vcop=—50V, Ie =0, Ta = 150°C 
lEBO Emitter Cutoff Current Vep=—-4V, Ic=0 


VcE=-5V, Ic=—10HA 
VceE=—-5V, Io=—100HA 


VcE(sat) Collector-Emitter Saturation Voltage i 400 HA, Ic=—1mA 
B-— ,Ie=- 


Nik 

bia 

slalslel | [sisig 
aes ae 


hFe Static Forward Current Transfer Ratio 


b 
N 
i 

o 
N 


VBE Base-Emitter Voltage 


J. 


75 


Q 


hy Small-Signal Common-Emitter | 320] 
e Input Impedance 
Smal!-Signal Common-Emitter 
Me Forward Current Transfer Ratio AEDs 3608 SR! eae 
hi Small-Signal Common-Emitter 25 X 25 X 
re Reverse Voltage Transfer Ratio ante 1074 
ae Smail-Signal Common-Emitter 


Output Admittance 
Smalt-Signal Common-E mitter 
hte] Forward Current Transfer Ratio VcE=-8V, Ic¢=—tmA, f= 100 MHz 
Common-Base Open-Circuit 
Output Capacitance 
Common-Base Open-Circuit Input Capacitance [Veg = —0.5 V, Ic = 0, f = 100 kHz 


Cobo Vop=-5V, le=0, f = 100 kHz 


oe a 


Cibo 


NOTES: 3. The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 
4. These parameters are measured using pulse techniques. ty = 300 us, duty cycle < 1%. 


*JE DEC registered data 


eel 
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TYPES 2N3806 THRU 2N3811 
DUAL P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
triode matching characteristics 


PARAMETER 


TEST CONDITIONS 


2N3808 | 2N3810 
2N3809 2N3811 |UNIT 


hFe} Static Forward-Current- 
—— VcE=-5V, Ic=- A, B 
hFe2 Gain Balance Ratio ce SV. Ie TDD ERS See Nore 6 8 } 
. 2 VcE=-5V, Io=—10HA to—10 mA 
~V Base-Emitter-Vol ial mV 
Mee1 BE2! jase-E mitter-Voltage Differential VoE=—6V, Ic = 100 nA 


Vc—E=-5V, Ic =—100nA, 


Base-Emitter-Voltage-Differential 
Change With Temperature 


Ta(2) = —55°C 
TA(1) = 28°C, 
* Tala) = 125°C 


lA(Vge1—VBE2)aTal 
Vc—E=-5V, Ic=—100HA 


| 8 | 
p= 81) 


*operating characteristics at 25°C free-air temperature 
individual triode characteristics (see note 3) 


PARAMETER TEST CONDITIONS 


Voce =--10V, Ig =—100 HA, Rg =3k2, 
f = 100 Hz, Noise Bandwidth = 20 Hz 

VcoE = ~-10V, Ic =—100 HA, Rg =3 ko, 
f=1 kHz, Noise Bandwidth = 200 Hz 
Vce =—10V, I¢ = —100 HA, Rg = 3kQ, 
f = 10 kHz, Noise Bandwidth = 2 kHz 
VcE =—10V, I¢=—100 HA, Rg =3 k2, 
Noise Bandwidth = 15.7 kHz, See Note 6 


Spot Noise Figure 


Fe Average Noise Figure 


NOTES. 3. The terminals of the triode not under test are open-circuited for the measurement of these characteristics, 
5. The tower of the two hfe reading is taken as heey. 
6. Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency rolloff 
of 6 dB/octave. 


*JEDEC registered data 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


P]—Maximum Continuous Dissipation-W 


0 2 580 76 100 126 150 175 200 
Ta—Free-Air Temperature—"C 


FIGURE 1 
| 
73 PRINTEO IN U.S.A. 
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IN ORDER TO IAPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N3819 


N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTOR 


BULLETIN NO. DL-S 688047, AUGUST 1965-—REVISED MAY 1968 


SILECTT FIELD-EFFECT TRANSISTOR? 
e For Industrial and Consumer Smail-Signal Applications 
e Low Crss: <4 pf ¢ High yfs/Ciss Ratio (High-Frequency Figure of Merit) 
@ Cross Modulation Minimized by Square-Law Transfer Characteristics 


¢ For New Designs, 2N5949 thru 2N5953 and A5T3821 thru A5T3824 
Are Recommended 


mechanical data 
This transistor is encapsulated in a plastic compound specifically designed for this purpose, using a highly mechanized 
process developed by Texas Instruments. The case will withstand soldering temperatures without deformation. The 
device exhibits stable characteristics under high-humidity conditions and is capable of meeting MIL-STD-202C, Method 
106B. The transistor is insensitive to light. 


*ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 
ALL DUMENSIONS IN INCHES 0.050 (NOTE A) 


: = - 0.020 
0. t 
= 0. MIN $. 
a s 
0.200 
3 teans 0.017 * 9.907 


-0,030 
NOTE A: Lead diameter is not controlled in this area. 


*absolute maximum ratings at 25°C free-air temperature (uniess otherwise noted) 


Drain-Gate Voltage . 2 6 6 ee ce ee ee et ee ee ee ee BY 
Drain-Source Voltage . 2. 2. 6 6 1 ee ee eee ee ee ee ee te ew) BBY 
Reverse Gate-Source Voltage. 2. 2 6 6 6 ee ete ee ee ee ee ee BY 
Gate Current 2. 6 6 6 wk ee ee et ew ee te we ew ew we ww ww 6 e «1Om 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1). . . . 360 mw 
Storage Temperature Range . . 2. - 1 ee ee ee th ee —65°C to 150°C 
Lead Temperature %s Inch from Case for 10 Seconds . 2. 2 1 ee ew ee ew ew we 260°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
PARAMETER TEST CONDITIONS 
Vieajess  Gate-Source Breakdown Voltage 


Ves = —5¥, Vos =0 
Ves = — 15 v, Vos = 0, L>= 100°C 
loss Zero-Gate-Voltage Drain Current Vos = 15, Vos = 0, Sea Note 2 
Ves Gate-Source Voltage Vos = 15v, tp = 200 na 
Vesiotq _ Sate-Source Cutoff Voltage Vos = 15, Ip = 200 

Small-Signal Common-Saurce Yos = 15 ¥, Vos = 0, f =I] ke, 


less Gate Cutoff Current 


al Forward Transfer Admittance See Note 2 
| Smail-Signal Common-Source Vos = Sv, Ves = 0, f = lke, 
You! Output Admittance See Note 2 


Common-Source Short-Circuit 
Input Capacitance 

Common-Source Short-Circuit 
Reverse Transfer Capacitance 
Small-Signal Common-Source 
Forward Transfer Admittance 


Css 


Vos = 15, Ves = 0, f = 100 Mc 


NOTES: 1. Derate linearly to 150°C free-air temperature at the rate of 2.88 mw/ Cc. 
2. These parameters must be measured pulse techniques. ty, ~ 100 ms, duty cycle < 10%. 
*JEDEC registered data 
t trademark of Texas Instruments 
tu.s. Patent No. 3,439,238 USES CHIP JN51 
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INCORPORATED 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N3820 
P-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTOR 


BULLETIN NO. DL-S 687947, AUGUST 1965—REVISED JULY 1968 


SILECT* FIELD-EFFECT TRANSISTOR * 
For Industrial and Consumer 
Small-Signal Applications 


mechanical data 
This transistor is encapsulated in a plastic compound specifically designed for this purpose, using a highly mechanized 
process developed by Texas Instruments. The case will withstand soldering temperatures without deformation. The 
device exhibits stable characteristics under high-humidity conditions and is capable of meeting MIL-STD-202C, Method 
106B. The transistor is insensitive to light. 


*ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


2 veans 0.017 * 9:88? ona 


WOTE A: Loud dismeter is net controlled in this area. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage. . 2... 2 2 1 ew ew ee iS das Gish eS Se A GP omaOY: 
Drain-Source Voltage . . 2 1 1 1 we ee ee —20v 
Reverse Gate-Source Voltage. . 2. 6-6 ee et ee ee ee 20v 
Gate Current. 6 6 6 ee ee ee ee we we ee we ww ww ee HOMO 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1). . . . 360 mw 
Storage Temperature Range . 2 1 6 ww ee ee ew we 65S to +150°C 
Lead Temperature % Inch from Case for 10 Seconds... 6 ee ee ee ee ew 2OOPC 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS | MIN MAX | 
Vierjoss Gate-Source Breakdown Voltage le =10 pa, Vos = 0 | 20 


=e er ie 
tes Gee ct come Se 
Toss Toro Gate Vooge Drain Corent | Vos = —0v, Vos = 0, fee Mon 2 [ 6315] ma] 
Wes Gate Sour Volioge | Vos = =v, = Ae 
Yessy Gate Source Coal Voge Vos = 100. fy = 10 us 


Smail-Signal Common-Source Vos = ~10v, Ves = 0, =f = The, 
Ive Forward Transfer Admittance Sea Note 2 800 5000 pmo 
| Small-Signal Common-Source Vos = —I0¥,Vgs = 0, f=Tke, ho 
Ye! Output Admittance See Note 2 am 
c Common-Source Short-Circuit V, 10 
iss Input Capacitance 


c Common-Source Short-Greuit 
ras Reverse Transfer Capacitance 


Small-Signal Common-Source 
Iv! Forward Transfer Admittance Yos = —10v, Ves = 0, F = 10.Mc pmbo 


NOTES: 1. Derate linearly to 150°C free-air temperature at the rate of 2.88 mw/C. 
2. These parameters must be measured using pulse techniques. ty, ~ 100 ms, duty cycle < 10%. 
“JEDEC registered data 
t Trademark of Texas Instruments 
U.S. Patent No. 3,439,238 USES CHIP JP71 
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TEXAS INSTRUMENTS 4271 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 
IM ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N3821 THRU 2N3824 


N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. DL-8 7311919, MARCH 1973 


2N3821, 2N3822 
FOR SMALL-SIGNAL APPLICATIONS 


e Low I@gs: <100 pA 
@ Low Cigg: <6 pF 
© High y4g/Cigg Ratio (High-Frequency Figure-of-Merit) 


2N3823 
FOR VHF AMPLIFIER AND MIXER APPLICATIONS 
@ Low Noise Figure: <2.5 dB at 100 MHz 
@ Low Crgs: <2 pF 
© High yfs/Cigs Ratio (High-Frequency Figure-of-Merit) 


2N3824 
FOR HIGH-SPEED COMMUTATOR AND CHOPPER APPLICATIONS 
© Low rds(on): <260 2 


© Low Ip(off): <100 pA 
@ Low Crgs: <3 pF 


*mechanical data 
THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 


3 Leaps 2388 pia 


0,030 
MAX 


0210 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


*JEDEC registered data. This date sheet contains all applicabie registered data in effect at the time of publication. 
USES CHIP JN51 


a ER PO POE IE EE CE a L,I RI ET 
1078 
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NCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 78222 


TYPES 2N3821 THRU 2N3824 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


*absolute maximum ratings at 26°C free-air temperature (unless otherwise noted) 


2N3821 
2N3822 2N3823 

2N3824 
Drain-Gate Voltage 2 6 ww 50V 30V 
Drain-Source Voltage 2. ww we et ee hh hh ee 50 V 30 V 
Reverse Gate-Source Voltage 6. www we ee ... b0V -30 V 
Continuous Forward GateCurrent. 2. 0 0 6 wee ee ee ee TOMA 
Continuous Device Dissipation at (or below) 26°C Free-Air Temperature (See Note?) . . . @——300 mwW—> 
Storage Temperature Range 2 0 0 ee ee ee ee BBFC to 200°C 


Lead Temperature 1/16 inch from Case for 10Seconds .. 1... 1... eee 


. a.) 6 300°C —o 


2N3821, 2N3822 
*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Sastoaviowien [Vag=-90V, Vos-0 «dt Satna 
Vas=-30V. Vos=0_ta= tere | Ot 0a] awa 
Vasiott) _GueSoures Cutoff Voltas | Vos=18V, ip-05mA | #4 lv _| 


Ip = . = 
Vv Gate-Source Voltage Vos abl S J biel os Bas z aa Vv 
ps" 165V,  'p=200uA ee ee) 


G 
'pss Zero-Gate-Voltage DrainCurrent | Vps=15V, Vogsg=0,  SeeNote2 | 06 26] 2 10) mA | 
y 


ss 
GS 
Smail-Signal Common-Source Vos=16V, VGs=0, f=1kHz, 
ta Forward Transfer Admittance See Note 2 1600 4600|3000 6600 
os| 
iss 
res 


y Small-Signal Common-Source Vos=15V, V6s=0, f= 1 kHz, 
sett EL. Ble 
Common-Source Short-Circult 
Reverse Transfer Capacitance 
veal Small-Signal Common-Source 
ts Forward Transfer Admittance 


*operating characteristics at 25°C free-air temperature 


: PARAMETER TEST CONDITIONSt 


= Vos718V, Ves=90, RGe1M2, f#10Hz, 
N 
F Average Coles gure Noise Bandwidth = 5 Hz 


Vos= 18V, Vgs=0, f= 10Hz, 
Vn Equivalent Input Noise Voltage tee sane fs : 


NOTES: 1. Derate linearly to 175°C free-sir temperature at the rate of 2 mw/c, 

2. These parameters must be measured using pulse techniques. ty, = 100 ms, duty cycie < 10%. 
*JEDEC registered data 
tThe fourth lead (case) is connected to the source for all measurements, 
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T EXAS, INSTRUMENTS 4-273 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPES 2N3821 THRU 2N3824 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


2N3823 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


|_2N3823 | 
| Visrvass GeteSouree Breakdown Volige —_—*ig=-t0AVos=09—SSC«d-O 
ee 
[Ves=-20V, Vos=6,_Ta= 160°C [08 | uA] 
[Vesioi _GateSource Guta Voliwge | Vps=16V, ip-osma | CV 
Ipss Zero-Gate-Voltage Drain Current Vps=15V, Vgs=9, See Note 2 | 4 = 20] mA | 
Small-Signal Common-Source Vps*15V, Vgs=9, f= 1 kHz, 
Wesl Forward Transfer Admittance See Note 2 SE00 'ee0? mo | 
Small-Signal Common-Source Vos=15V, Vgs=9, f=1kHz, ho 
bos| Output Admittance See Note 2 | 5 
aa 
Vg tnput Capacitance 
ee 
res Reverse Transfer Capacitance 


yy | Small-Signal Common-Source 
ts Forward Transfer Admittance 


- Small-Signal Common-Source 
Sts Output Conductance 


f = 200 MHz 


*operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONSt 


F Common-Source Spot Noise Figure Vps = 15V, Vgg 20, Rg =1k2, f= 100 MHz | 25 | 68 | 


2N3824 
electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONSt 


*ViBR)GSS Gate-Source Breakdown Voltage Ig =-1HA, Vos = 0 }-50 
Vas. Vos 0 Pa 
“!Gss Gate Cutoff Current Vas==30V, Vps=0, Ta= 180°C r——aorT HA] 
Vos = 18; Ves=—8V a) Le 
*IDloff) Drain Cutoff Current Vos = 15V, Vas=-8V. Ta= 180°C Tor | oA 
loss Zero-Gate-Voltage Drain Current Vps"*15V, Vgg*=0, See Note 2 | 120 24] mA | 
Small-Signal Drain-Source 
* Ves = 9, Ip = 90, f=1MH 
‘dsion) On-State Resistance Gs wd e : | aso] | 
*; Common-Source Short-Circuit Vs = 15 V Vas = 0. f=1MHz 
ws Input Capacitance : ae 
*c Common-Source Short-Circuit Vaso Vae=—8V f= 1MHz 
es Reverse Transfer Capacitance DS GS " 


NOTE 2: These parameters must be measured using pulse techniques. tw = 100 ms, duty cycle < 10%. 
*JEDEC registered data 
tThe fourth lead (case) is connected to the source for all measurements. 
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TYPES A51T3821 THRU AST3824 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 
BULLETIN NO. DL-S 7111507, JULY 1971 
SILECTt FIELD-EFFECT TRANSISTORS{ | 
e@ Rugged, One-Piece Construction with Standard TO-18 100-mil Pin-Circle 


A5T3821, A5T3822 
FOR SMALL-SIGNAL APPLICATIONS 


e Lowlgss: <100 pA 
e@ Low Ciss: <6 pF 
e@ High yfs/Cjsg Ratio (High-Frequency Figure-of-Merit) 


A5T3823 
FOR VHF AMPLIFIER AND MIXER APPLICATIONS 


e Low Noise Figure: <2.5 dB at 100 MHz 
@ Low Crss: <2 pF 


e High yfs/Ciss Ratio (High-Frequency Figure-of-Merit) 


AS5ST3824 
FOR HIGH-SPEED COMMUTATOR AND CHOPPER APPLICATIONS 


Low rds(on): <250 2 
© Low Ip(off): <100 pA 
e@ Low Crss: <3 pF 
mechanical data 


These transistors are built using the same chip type as for the metal-case types 2N3821 through 2N3824 and 2N5358 
through 2N5364 and the Silect types 2N5949 through 2N5953. 


Silect transistors are encapsulated in a plastic compound specifically designed for this purpose using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. Silect transistors are insensitive to light. 


* 9.200 0.160 
=0.005.°A s9010 H-— 
t aaa 


0.185 
20.005 


+ 0,002 
0.017 * O90), DIA. 


3 Leaps 
3-GATE 


0.500 MIN 


NOTES: A. Lead diameter is not controlied in this area. 
B.: Leads having maximum diameter (0.019) shall be within 0.007 of their true positions measured 
_in the gaging plane 0.054 below the seating plane of the device relative to a maximum. 
diameter package. 
.' All dimensions are in inches. 


tTrademark of Texas Instruments 
tus. Patent No. 3,439,238 


USES CHIP JN51 


TEXAS INSTRUMENTS 


Lee INCORPORATED 4-275 


POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPES A5T3821 THRU AST3824 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage 2. 1 1 2 1 
Drain-Source Voltage 2. 6 1 ww we ee 
Reverse Gate-Source Voltage . . 1... 1... 2 eee 

Continuous Forward Gate Current. 2 2. 2 2 2 6 2 ee ee ee 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) 
Storage Temperature Range . . . 2... 2... ee eee 

Lead Temperature 1/16 Inch from Case for 10 Seconds. 


A5T3821, AST3822 
electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


ViBRIGSS Gate-Source Breakdown Voltage Ig=-tuA, Vps=0 

Ves = —-30V, Vps=0 
iGss Gate Cutoff Current GS DS 

V6s=-30V, Vps = 0, Ta = 150°C 
VGSloff) | Gate-Source Cutoff Voltage Vos=158V,. Ip=O05nA | 


Vos=15V, Ip =50HA 


Nn 
= 
i=} 


Ves Gate-Source Voltage Vos 215 V, 1p = 200 nA 
loss Zero-Gate-Voltage Drain Current 
ly | Smatl-Signal Common-Source . Vps=18.V. Ve6s=9, f= 1 kHz, 
te Forward Transfer Admittance See Note 2 
" Small-Signal Common-Source Vpos=15V. Ves=0, f= 1 kHz, 
os| Output Admittance See Note 2 
G Common-Source Short-Circuit 
bd Input Capacitance 
c Common-Source Short-Circuit 
iid Reverse Transfer Capacitance 
ves Small-Signal Common-Source Vps=15V, V¢s=0, f=100MHz [1500 


Forward Transfer Admittance 
operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


Noise Bandwidth = 5 Hz 


NOTES: 1. Derate linearly to 150°C free-air temperature at the rate of 2.4 mw/c. 
2. These parameters must be measured using pulse techniques. ty, = 300 ys, duty cycle < 2%, 


> 
a 
ee 
& 
= 


Z 
8 
: 
8 


=15V, Ves=0, Rg =1MQ, f= 10Hz, 
F Average Noise Figure Vos . Gs=0 SG ; 
Noise Bandwidth = 5 Hz 
Vos=15V, Ves=0, f = 10 Hz, 
Van Equivalent input Noise Voltage DS GS 7 


A5T3821 
A5T3822 A5T3823 
A5T3824 
50 V 30 V 
50V 30 V 
-50V —30 V 


a 10 mA— 
= 300 mw— 
—55°C to 150°C 


<— 260°C —+ 


> 
ua 
+ 
& 
N 
N 


UNIT 


as) 
nh 


umho 


A5T3821 
AST3822 UNIT 


nVv//Hz 
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TYPES A5T3821 THRU A51T3824 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


A5T3823 
electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


ViBRIGSS Gate-Source Breakdown Voltage Ig =—1HA, Vos = 0 Ee ka 
V6s=—-20V, Vos= . 
lgss Gate Cutoff Current GS ps =0 5 | =O] na | 
Vas=~20V. Vps=0, _ta= 180°C 
VGsioff) _Gate-Source Cutoff Voltage Vps=15V, Ip =O05nA 
VGs Gate-Source Voltage Vos=15V, Ip = 400uA =1 -75 
toss Zero-Gate-Voltage Drain Current Vps715V, Vgs=0, See Note 2 | 4 20] mA | 
Small-Signal Common-Source Vos215V, Vgs=0, f= 1kHz, 
35 
Wasi Forward Transfer Admittance See Note 2 wathinieas 
f v | Small-Signal Common-Source Vps=15V, Vgs=9, f= 1 kHz, 
os Output Admittance See Note 2 


= Input Capacitance 

res Reverse Transfer Capacitance 
veel Smatl-Signal Common-Source 

fs Forward Transfer Admittance 


Smeatt-Signal Common-Source 
Smail-Signal Common-Source 


operating characteristics at 25°C free-air temperature 


2 


PARAMETER TEST CONDITIONS 


F Common-Source Spot Noise F igure Vos = 15V, Vgg=0, Rg2=1k®, f= 100 MHz | 8 | 


A5T3824 
electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER | TEST CONDITIONS = UNIT 


Vipr)Gss Gate-Source Breakdown Voltage Ig =-1nA, Vos = 0 


VGs=—30V, Vps=0 rw 
; tott ENaseSo0Ny Nog? 0. 
Gss Soe Cunt Current Ves=-30V, Vps=0, Ta = 150°C YHA | 


' Drain Cutoff Current ~ 08 
Dioth rain Cutoff Curren Vos=18V, Vgs=-8V, Ta=150C 


a 

POT 

a) 
[Toss __2ero-Gate-Vohage Drain Gurrent____| Vps=18V, _Vgg=0, Seow? | 12 24] ma 


Small-Signal Orain-Source 
V6s = 9, Ip = 0, f= 1MH 
lon Onsite vane ne 


3/3, 


3 


t-Ci it 
Ciss Soremion Soucy Short-Circui Vos = 15 V, Ves = 0. f=1MHe 
Input Capacitance 
Common-Source Short-Circuit 
Vos = 9, Ves=-8V. f=1MH 
Crse Reverse Transfer Capacitance os SS s z 


NOTE 2: These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
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© High f;: 350 Mc min at 1 


DESIGNED FOR HIGH-SPEED SWITCHING APPLICATIONS 


TYPE 2N3829 
P-N-P SILICON TRANSISTOR 


BULLETIN NO. OL-S 657455, MARCH 1965 


Ov, 30 ma 


© Low Guaranteed Veejsqt): 0.18 v at 30 ma 


*mechanical data 


ALL DIMENSIONS ARE 
UNLE: 


THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE 


ALL JEDEC TO-52 DIMENSIONS 
AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . . . . . . -35v 
Collector-Emitter Voltage (See Note 1). . . ee ew ee O8SY 
Collector-Emitter Voltage (See Note 2) . ; pee ae eh es SOY. 
Emitter-Base Voltage . . . . . - . se eo © oe ee 2 eV 
Continuous Collector Current. . . - . 1. + se - . . —200 ma 
Peak Collector Current (See Note 3). 2. 2. 2 2 ee ee eee ee —500 ma 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4). . . . .360mw 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 5). . . . . . I2w 
Storage Temperature Range . oe hare Ute aay age . -65°C to +200°C 


Lead Temperature Ye Inch from Case for 10 Seconds. 


. 300°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 
Visaiceo Collector-Base Breakdown Voltage 
Vierjceo Collector-Emitter Breakdown Voltage 
Vierjeso Emitter-Base Breakdown Voltage 


TEST CONDITIONS 


H 


lees Collector Cutoff Current 


Base Current 


Static Forward Current Transfer Ratio Voe=-lv, Ic= 


Vee = Av, Ic = —30ma, 


T, = — 55°C 


Ig = | ma, Ie = -10ma 
le = -30ma 
Ig = —10ma, Ic = -100 ma 


Base-Emitter Voltage ls = ~3 ma, 


Veejsaty Collector-Emitter Saturation Voltage 


8 
Ty = 125°C 


NOTES: This value applies when the base-emitter diode is short-circuited. 


= -3ma, Ic=— 30 ma 
= -10ma, Ic = —100ma 
-3ma, Ic = —30ma, 


-100 ma 


iyi 
sic 
~~ 
mia 
i 
° e|= 
—_ ©) oo 
ao w 


This value applies between 0 and 10 ma collector current when the base-emitter diode is open-circuited, 


Derate finearly to 175°C free-air temperature ot the rate of 2.4 mw/C°. 


1. 

2. 

4. This value applies for PW < 10 psec, Duty Cycle < 40%. 

4. 

5. Derate linearly to 175°C case temperature at the rate of 8 mw/C°. 


ta 


*Indicates JEDEC registered data 


These parameters must be measured using pulse techniques. PW = 300 psec, Duty Cycle < 2%. 


USES CHIP P11 


TEXAS INSTRUM ENTS 


CORPORATED 


POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 
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TYPE 2N3829 
P-N-P SILICON TRANSISTOR 


*electrical characteristics at 25°C free-air temperature (uniess otherwise noted) 


Small-Signal Common-Emitfer 
Il Forwand Catrnt resto Bal Vee = -10v, Ic = -30ma, f= 100 Mc 


Cro Qutput Capacitance 


Tou = ly = —3 mo, 
ft Fall Time See Figure 1 


1 = ow! = —, 
Vesoinaa$ Collector-Emitter Nonlatching Vottoge os ada) pay Pies 


‘tVeltege end current valves shown ere nominal; exact valves vary slightly with transistor parameters. 


TThis cherocteristic is the highest valve of collector supply veltege which may be safely used with 6 resistive-toad switching circuit in which the collector current eppreaches 
~200 me. 


*PARAMETER MEASUREMENT INFORMATION 


0 NPUT +12 
“ay | INPU 
ce emma 


--- 0 
| 


For ty and t, Vgg= 0 
For t, and ty Veg= -7.25 v 


ae a 56 
0.1 pf OUTPUT as ty Sea ed mais 
10% OUTPUT 10% 
100 & 
a5 {See Notes a ond b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1 
-20v 


Monitor to ensure 


mS 
Qyere 


that Veg = Veo 
Vee ofter pulse is 
INPUT WAVEFORM completed 
(See Note c) 
= Cy (See Note d) 


FIGURE 2 — COLLECTOR-EMITTER NONLATCHING VOLTAGE TEST CIRCUIT 


WOTES: ©. The input wavetorms in Figure 1 ore supplied by © pulse generator with the following characteristics: Tay = 02, 1, S Vase, PW 2 300 asec, 
Duty Cycle < 2%. 
bh. Weveforms of Figure 1 ore monitored on on oscilloscope with the following characteristics: ¢, < Vase, Ri, 2 100K, Cin SS pl 
¢. The input waveform in Figure 2 hes the following cherectoristics: PW < 10 psec, Duty Cycle <M. 
. Total collector shunt copacitence Cy < 15 pf. 
indicates JEDEC registered deta 
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TYPE 2N3838 
N-P-N, P-N-P DUAL SILICON TRANSISTOR 


BULLETIN NO. DL-S 677501, MARCH 1965—REVISED APRIL 1967 


DESIGNED FOR COMPLEMENTARY MEDIUM-POWER, 
HIGH-SPEED SWITCHING AND GENERAL PURPOSE 
AMPLIFIER APPLICATIONS 


© Electrically Similar to 2N2222/2N2907 
e D-C Beta — Guaranteed from 100 .a to 150 ma 
Miniature Flatpack Facilitates High-Density Packaging 


mechanical data 


“FALLS WITHIN 10-89 DIMENSIONS 


— Oo, 
= ‘aa coos C:10O*O0S =— ALL LEADS ARE INSULATED FROM CASE 
a Soha t 


0.100 0.008 TERMINAL 
———— DESIGNATIONS 


18 N-P-N BASE 

TE N-P-N EMITTER 
2E P-N-P EMITTER 
28 P-N-P BASE 

2C P-N-P COLLECTOR 
1C NPN COLLECTOR 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)+ 


EACH TOTAL 

TRIODE DEVICE 
Collector-Base Voltage . . . Set BAS arate Bag. [5 on Jenn 60¥v 
Collector-Emitter Voltage (See Neis 1) Belge Hee! Me ep oe del ta Sates Aes Bae, 2 40 
Emitter-Base Voltage . . . os eee Ne VE GOED wee Lac fay ls? adee a hay oO ce 5v 
Collector-1 — Collector-2 Voltage . yest, ie We own, Tele MEO EB Seca eS a +120v 
Lead-to-Case Voltage. 2. 2. 2... kk ek we kk ‘ +120v 
Continuous Collector Current . . «+ « « 600ma 


Continuous Device Dissipation at (or below) 25°C Free-Air Taincarciure (See Note 2) 250mw 350 mw 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . 700mw 1400 mw 
Storage Temperature Range. . . toe ee ww ew ew we 65°C to +200°C 
Lead Temperature %s Inch from Case for 10 Second . a ee ee ee 300°C 


NOTES: 1. This value applies between 0 and 10 ma when the base-emitter diede is open-circuited. 
2. Derate linearly to 175°C free-air temperature at the rate of 1.67 mw/C® tor each triode and 2.34mw/C® for total device, 
3. Derate linearly to 175°C cose temperature at the rate of 4.67 mw/C® for each triode and 9.34 mw/C® for tetal device. 
“Indicates JEDEC registered dota 
tVoltages and currents opply to the N-P-N triode. For the P-N-P irtede, the values ere the. same, but the signs are reversed. 
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TYPE 2N3838 
N-P-N, P-N-P DUAL SILICON TRANSISTOR 


a eee 


electrical characteristics at 25°C free-air temperature (unless otherwise noted)! 


sindividual triode characteristics (see note 4) 


[PARAMETERS TEST CONDITIONS [MIN MAX 
Ic=10y0,  1e=0 

lc=10ma,_ ts=0, See Note 5 
k=10p0,  lc=0 

Vog=50¥, Vyg=-0.5¥ 

Ves=50v, Ve=—O.5v, T,=150°C 
Voe=50v, Voe=-O0.5¥ 


ey PEL PSE T TT Blep lel i i 


3 3 
3 s 


Ver=1v, lc=150 ma, See Note 5 


Static Forward Current Vor=10¥,__Ic=100 na 


Transfer Ratio 


Vce=10v, Ic=10ma, See Note 5 
Vce=10v, Ic=150ma, See Note 5 
Vee Base-Emitter Voltage 1s=15ma, Ic=150ma, See Note 5 


cesar) Collector-Emitter Saturation Voltas (s=15ma, {c=150ma, See Note 5 


Small-Signal Common-Emitter 
° Input Impedance 


ee Small-Signal Forward Current 
Transfer Ratio 

h Small-Signat Common-Emitter 
Output Admittonce 


‘oe 
Small-Signal Common-Emitter mn am as 
hee| Forward Current Transfer Ratio Voe=10¥, Ic=20ma, f=100 Me 


= em tooled Yoo=10v, Ie=0, f=140 ke 


operating characteristics at 25°C free-air temperaturet 


= [=< 


zz 


*individual triode characteristics (see note 4) 


i 


TEST CONDITIONS: 
=150ma, —Ieny=15 ma, Veetorn = 0, 
=640, See Figure 1 
l¢=150 ma, loq1)=—Toqa) = 15 ma, 
R=6402, See Figure 2 
Teton) = 600 mo, Injory =120 ma, 

Intern =0, See Figure 3 


NF Spot Notse Figure om fine 


Pa 


NOTES: 4. The terminals of the triede not under test are epenccirculited fer the measurement of these characteristics, 
5. These parameters must be messured using pulse techniques. PW= 300 usec, Duty Cycle < 2%. 

“Indicates JEDEC registered date 

‘tVeltages and currents apply te the N-P-N trieds. Fer the P-N-P triode, the values are the same, but the signs are reversed. 

F Voltages end current velues shown are nominal; exect values vory with device perameters. 


QThis cheracteristic is the highest value ef collector supply voltage which may be safely used with @ resistive-load switching circuit in which the collecter current approaches 600 ma. 


a ET a a I I I I II a ITD 


TEXAS INSTRUMENTS 4-281 


NCORPORATED 
POST OFFICE BOX 8012 ¢ DALLAS, TEXAS 75222 


TYPE 2N3838 
N-P-N, P-N-P DUAL SILICON TRANSISTOR 


*PARAMETER MEASUREMENT INFORMATION 


+10 v 498.35 v me 
INPUT 
642 () 


a OuTPUT —e} te be 
te 
INPUT + f 
502 10% "\\! ourput 
90% 
VOLTAGE WAVEFORMS 
TEST CIRCUIT (See @, b ond d) 
FIGURE 1 
Ves os —11.4¥ 
Adjust for voltages 
shown for point “A.” 


+8.8v—— =o -"- 
0 ma fe ee m= = IS POINT A" 
+4.2¥ ' 
4 5 pf OUTPUT 2 + ts po 
INPUT — hag 
90% 
VOLTAGE WAVEFORMS 
(See Notes 0, b and d) 


TEST CIRCUIT 


45 vy oem, 
UNPUT 
Monitor to ensure 0 


that Veg = Vee 
ofter pulse is 
completed 


INPUT 


VOLTAGE WAVEFORM 
(See Notes c and d) 


TEST CIRCUIT 


FIGURE 3 — COLLECTOR-EMITTER NONLATCHING VOLTAGE TEST CIRCUIT 


NOTES: a. The input waveforms are supplied by a generator with the fetlowing characteristics: for Figure 1, 2.,=502 , 1, < Vnsec, PW > 400 asec, Duty Cycle < 2%; 
for Figure 2, 2,,= 500, 1, < 10 nsec, PW=10 psec, Duty Cycle < 2%. 


. The waveferms are monitored on an oscilloscope with the following characteristics: for Figure I, 1, < Insec, Ri, > 100 kM, C,, < Spl; for Figure 2, 
t, S Sosec, Ri, > 100 kM, C;, < 12 pf. 


e 


The input waveform in Figure 3 hos the follewing characteristics: PW < 10 psec, Outy Cycle < 2%. 


. The signs and polarity symbols shown are for the N-P-N triede; the signs end pelerity symbols ore reversed for the P-H-P triede, 


*Indicates JEDEC registered dato 


PRINTED IN U.S.A. 

Tl cannot assume any responsibility for ony circuits shown 

4-282 TEXAS INST RUM ENTS of represent that they ere free from patent infringement. 
INCORPORATED 

POST OFFICE BOX 5012 © DALLAS, TEXAS 75222 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N3903, 2N3904, A5T3903, A5T3904 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311576, NOVEMBER 1971—REVISED MARCH 1973 


SILECTt TRANSISTORS+ 
FOR GENERAL PURPOSE SATURATED-SWITCHING AND AMPLIFIER APPLICATIONS 


© For Complementary Use with P-N-P Types 2N3905, 2N3906, A5T3905, and A5T3906 


© Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 
Pin-Circle Configuration 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


+0.005 

0.160 _ 9035 
9.100 +9.005 
— 0.020 
COUECTOR 


BASE 
EMITTER 
0.050 = 0.005 + 0.002 


3 LEADS 0.017 — O.001 


NOTES: A. Lead diameter is not controlled in this area. 
B. All dimensions are in inches. 


*ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


0.160 
oor 


0.185 —. 
500 MIN 
0.005 * 


Lead diameter is not controlled in this area. 
. Leads having maximum diameter (0.019) shail be within 0.007 of their true positions measured 
in the gaging plane 0.054 below the seating plane of the device relative to a maximum- 
diameter package. 
C. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage 6 ww 60 v* 

Collector-Emitter Voltage (See Note 1). 0. 2 6 6 ee 40 v* 

Emitter-Base Voltage 3. tc ey we eo ad A tae TR an ma Bice cid BPE “het a gah TR cats eh leah a ise es SEL 6v* 

Continuous Collector Current 2 2 6 0 6 ee ee 200 mA* 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) ....... BS OW 
Oo Oo 

Storage Temperature Range 6 we era ago ce 
oO 

Lead Temperature 1/16 Inch from Case for GO Seconds . - . - . - ee ee ee ts ete 


NOTES 1. This value applies between 10 “A and 200 mA collector current when the base-emitter diode is open-circuited. 


2. Derate the 625-mW rating linearly to 150°C free-air temperature at the rate of 5 mw/°C. Derate the 310-mW (JEDEC registered) 
rating linearly to 135°C free-air temperature at the rate of 2.81 mw/*c. 


*The asterisk identifies JEDEC registered data for the 2N3903 and 2N3904 only. This data sheet contains all applicable registered data in 
effect at the time of publication. 

tTrademark of Texas Instruments 

tu.s. Patent No. 3,439,238 

§ Texas Instruments guarantees these values in addition to the JEDEC registered values which are also shown, USES CHIP N14 


Texas INSTRUMENTS 4-287 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 78222 


TYPES 2N3903, 2N3904, A5T3903, A5ST3904 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


Collector-Base 
Vv tc=10yuA, teE=0 
{BR)CBO Breakdown Voltage c sg 7 


Collector-E mitter 
Breakdown Voltage 


Emitter-Base 
=10yA, Ic=0 
VIBRIEBO pg yeakdown Voltage 'e vA, Ic 


lcEV Collector Cutoff Current Voce =30V, Vee =-3V 
IBEV Base Cutoff Current Voce =30V, Vee =—-3V 


VcE=1V, Ic 100uA 

VcE=1V, Ic=1mMA 

Vc—E=1V, Ic=10mA 

Transfer Ratio gee 
VcE=1V, I¢=50mA | See Note 3 
Voce =1V,. I¢= 100mA 


cee | 
Verna Collector-Emitter IB=1mA, Ic=10mA 
Saturation Voltage tp=5mA, Itc =50mA 
iki Small-Signal Common-E mitter 
e Input Impedance 
Forward Current Transfer Ratio 
ik Small-Signal Common-E mitter 
Te Reverse Voltage Transfer Ratio 


i Smail-Signal Common-E mitter 
oe Output Admittance 


|el ‘Small-Signal Common-Emitter 6 
Forward Current Transfer Ratio 
c Common-Base Open-Circuit Veep =5V, le =9, 
obo ouput 
m Common-Base Open-Circuit Vep=05V, Ic=0, 
ibo Input Capacitance f = 100 kHz to 1 MHz 


z 
id 
F< |<] <8 | 


ii 


V(BRICEO Ic=1mA,  Ip=0, See Note 3 


° 


Static Forward Current 


8 
§ 


ele 
wIN 


fo] 
So 
n 
a 
°° 
es] 
a 


3 ; 
3 By 


Vce = 10V, 


= 


=1mA 
Io= 1 mA, 01x 5x | o5x 


1074 10-4 10-4 10—-4 


o 
x 


NOTES: 3. These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
4. To obtain f+, the Intel response with frequency is extrapolated at the rate of —6 dB per octave from f = 100 MHz to the 
frequency at which Inge! = 1. 


*operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


VcE=5V, Ic =100HA, RG=1k2, 
NF Average Noise Figure Noise Bandwidth = 15.7 kHz, 
See Note 5 


NOTE 5: Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency rolloff of 
6 dB/octave. 


*The asterisk identifies JEDEC registered data for the 2N3903 and 2N3904 only. 
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4-284 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


TYPES 2N3903, 2N3904, AST3903, AST3904 
N-P-N SILICON TRANSISTORS 


*switching characteristics at 25°C free-air temperature 


PARAMETER 


t Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. Nominal base current for delay and rise 
times is calculated using the minimum value of Vge. Nominal base currents for storage and fall times are calculated using the maximum value 
of Vee. 

*The asterisk identifies JEDEC registered data for the 2N3903 and 2N3904 only. 


PARAMETER MEASUREMENT INFORMATION 


TEST CONDITIONStT 


Ipuip = TMA, VBE(off) = —9.5 V, 
See Figure 1 
ig(2) =—t mA, 


See Figure 2 


OUTPUT 
; 
atte 
I 
Cr <4 pF 1 
eK OUTPUT 
90% 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1—DELAY AND RISE TIMES 
10 to 500 ns —¢—_—}{ 
1 ' 
410.9 V—---- J : 
INPUT 
OUTPUT -9.1V 
—t,—» 
\ 
INPUT = Op <4 pF tse 
H 10% 
’ OUTPUT 
90% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2—STORAGE AND FALL TIMES 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Zo, = 50 %, duty cycle = 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t; < 1 ns, Rin = 10 MQ, Cin < 4 pF. 


Pa a le 


1071 PRINTED IN U.S.A. 


Th cannot assume any responsibility for ony circuits shown 
or represent that they are free from potent infringement. TEXAS INST RUM ENTS 4-285 
INCORPORATED ' 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


IW ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N3905, 2N3906, A5T3905, A5T3906 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311577, NOVEMBER 1971—REVISED MARCH 1973 


SILECTt TRANSISTORS#* 
FOR GENERAL PURPOSE SATURATED-SWITCHING AND AMPLIFIER APPLICATIONS 


e For Complementary Use with N-P-N Types 2N3903, 2N3904, A5T3903, and A5T3904 


e® Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 
Pin-Circle Configuration 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas !nstruments. The case will withstand soldering temperatures without 


deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


2N3905, 2N3906 +0.005 
0.160 _9.035 
| ae coms. 


COLLECTOR 


0.100 
= 0.005 BASE 
EMITTER 
; 0.080 =: 0.005. bi 


3 Leas 0.017 + 8.80? 


NOTES: A. Lead diameter is not controlled in this area. 
8. All dimensions are in inches, 


“ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 
AS5T3905, AST3906 


0.015 


+- EMIT 
(NOTE A) of 


eee 


+O aoF bra. 
9 ee alt 0,500 MIN : 


= 0.008 3- COLLECTOR 


NOTES: 

A. Lead diameter is not controlled in this area. 

B. Leads having maximum diameter (0.019) shal! be within 0.007 of their true positions measured 
in the gaging plane 0.054 below the seating plane of the device relative to a maximurmn- 
diameter package. 

C. All dimensions are in inches, 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage. 4s Mates Rack ahs: ea el eth Ms ec ig) De eo was yale, ae BON" 
Collector-Emitter Voltage (See Note 4) of Be tucergl Aaa toelae Sue mee”! feta. Gute a ee eet: Behe Oe. get AO VG 
Emitter-Base Voltage 0. 0 ee ee ee B® 
Continuous Collector Current 2. 6 0606. ee ee —200 mA* 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) ....... ean 
Oo re} 

Storage Temperature Range. wwe ee a0 ce 

' 260°C§ 
Lead Temperature 1/16 Inch from Case for 6EOSeconds’ . © 6 ww we 230°C* 

NOTES: 1. 


This value applies between 10 “A and 200 mA collector currant when the base-emitter diode is open-circuited, 
2. Derate the 625-mW rating tinearly to 150°C free-air temperature at the rate of 5 mw/°C. Derate the 310-mW (JEDEC registered) 
rating linearly to 135°C free-air temperature at the rate of 2.81 mw/*C. 


“The asterisk identifies JEDEC registered data for the 2N3905 and 2N3906 only. This data sheet contains all applicable registered data in 
effect at the time of publication. 


Ttrademark of Texas Instruments 
tu.s. patent No. 3,439,238 


S texas Instruments guarantees these values in addition to the JEDEC registered values which are also shown, USES CHIP P15 
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TYPES 2N3905, 2N3906, A5T3905, A5T3906 
P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


ViBRICBO Collector-Base Breakdown Voltage Ic=-10uA, Ig =0 
_VIBRICEQ Collector-Emitter Breakdown Voltage Ic=-1mA,  !p9, See Note 3 


ViBRIEBO Emitter-Base Breakdown Voltage fe=-10unA, Ic=0 


2N3905 2N3906 


AST39006 {UNIT 


Io = —100 nA 


Ig =—-1mA 


i¢ = -—10 mA '—0.65 —0.85 
VBE Base-Emitter Voltage ig= 5 mA r ==60 a See Note 3 “ 


ig = —1 mA, l¢ = -10mA 
VcElsat) Collector-Emitter Saturation Voltage 


. Igp=-SmA, Ic =—5OmA 
hi Smalt-Signal Common-Emitter 
be Input impedance 
h 


Smail-Signal Common-Emitter 


—0.65 ~0.8 


1 
ae Forward Current Transfer Ratio on on 
h Small-Signal Common-E mitter O1X SX}O1X 10x 
ws. Reverse Voltage Transfer Ratio 10-4 10-4| 10-4 10-4 


<j< 
010 
mim 
a fl 
ays 
S/S): 
616 |O 
i W s 
FASB 
°o 
HFIB 
> 
on 
i 
2 
Q 
oe 
w 
» 
3 R 8 


rend 

= Output Admittance ho 
Smali-Signat Common-Emitter 

Intel Forward Current Transfer Ratio eet 20 Vee = OAL ee ee | 2 fas | 

Vee ==20V, Ig=—10mA, SeoNote4 | 200 | 260 | MHz, 

Cobo Common-Base Open-Circuit Vee =-5V, le=90, | as] as oF 
Output Capacitance f = 100 kHz to 1 MHz 

Sins Cornmon-Base Open-Circuit Veg *—-0.5V, Ic=0, | tof t0} 
input Capacitance f = 100 kHz to 1 MHz 


NOTES: 3. These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%, 
4, To obtain fy, the Intel response is extrapolated at the rate of —6 dB per octave from f = 100 MHz to the frequency at which 


Intel = 7. 


*operating characteristics at 25°C free-air temperature 


PARAMETER 


Average Noise Figure 


TEST CONDITIONS 


& 


Vce = -5V, Iq = —100 wA, 
Rg=1 k2,\, Noise Bandwidth = 15.7 kHz, 
See Note 5 


‘ 
NOTE §: Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency rolloff of 
6 dB/octave. 


“The asterisk identifies JEDEC registered data for the 2N3905 and 2N3906 only. 


TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 
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TYPES 2N3905, 2N3906, A5T3905, A5ST3906 
P-N-P SILICON TRANSISTORS 


“switching characteristics at 25°C free-air temperature 


PARAMETER 


| MAX | 
ig=—10mA, Igy ==1 mA, Varian = O8V, el me 
Ry = 278.0, See Figure 1 ee 


TEST CONDITIONSt 


I¢=—10mA, Tein) ==1 mA, Ta(g)= 1 mA, 


T Voltage and current values shown are nominal; exact values vary sli 
times is calculated using the minimum value of Vee: 
of Vee. 


RL = 276.9, See Figure 2 


antly with transistor parameters. Nominal base current for delay and rise 
Nominal base currents for storage and fall times are calculated using the maximum value 


* The asterisk Identifies JEDEC registered data for the 2N3905 and 2N3906 only. 


PARAMETER MEASUREMENT INFORMATION 


+0.5V 
qd t.<1ns 300 ns INPUT 
-10.6 V—----=- : 
Pp { 
OUTPUT ee I 
ee t be 
1 | 
ops. Cp S 4 F | F@ 90% 
: OUTPUT 
10% 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1—DELAY AND RISE TIMES 
-3V 10 to 500 us —e——_—_—_-» 


1 { 
! ! 
! p +9.1V 


OUTPUT 


L 


‘i Cy < 4 pF 


OUTPUT 
1 io 


TEST CIRCUIT 


INPUT 


VOLTAGE WAVEFORMS 


FIGURE 2-STORAGE AND FALL TIMES 
NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Zout = 50 82, duty cycte = 2%, 
b, Waveforms are monitored on an oscilloscope with the following characteristics: te © 1 ns, Rin * 10 MQ, Cin < 4 pF. 


iy 


PRINTED IN U.S.A, 373 
Tl cannot ossume ony responsibility for any circuits shown 
-288 TEXAS INSTRUM ENTS of sepresent thot they are free from potent infringement. 
INCORPORATEO 
POBT OFFICE BOX 8012 + DALLAS, TEXAS 78222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N3909, 2N3909A 
P-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO, DL-S 6810915, SEPTEMBER 1968 


ELECTRICALLY SIMILAR TO 2N2386 AND 2N2386A 
FOR AUDIO- TO HIGH-FREQUENCY SMALL-SIGNAL AMPLIFIERS 
2N3909A offers greatly improved |y,,| /C,.. ratio 
resulting from process innovation: 


© |ya| Min Raised from 1 mmho to 2.2 mmho 
e C,,, Max Lowered from 16 pF to 3 pF 


‘mechanical data 
THE ACTIVE ELEMENTS ARE 


ELECTRICALLY INSULATED 
FROM THE CASE 


ALL JEDEC 10-72 DIMENSIONS 
ANO NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage 2. 6 6 6 6 ee ee ee et et ew ew we we OV 
Drain-Source Voltage. 2 2 6 66 6 ee ee ee et te we we wt ee tw OV 
Reverse Gate-Source Voltage . 2. 2 6 6 6 6 0 ee wt et tt tt tt 20V 
Continuous Forward Gate Current. 2. 2 2 1. 6 2 6 ee ee te wt « « ~lOmA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1). . . . . 300mW 
Storage Temperature Range. 2 6 1 wwe te ee ew tw ww B58 to 200°C 
Lead Temperature % Inch from Case for 10 Seconds. 2 1 6 6 wwe we ew ew we «6(800PC 


“electrical characteristics at 25°C free-air temperature (uniess otherwise noted) 


a 
lia iets 
Ves = 10V, Vos = 0, T= 100 [| 

cee 

[0.37.9 | 


Vesic Gate-Source Cutoff Voltage Vos = —10 V, Ip = —10 A 


Small-Signal Common-Souree 


Iya Forward Transfer Admittance 
yeu Small-Signal Common-Source 
Output Admittance 
G Common-Source Short-Cireuit 
iid Input Capacitance 


C Common-Source Short-Cirevit 
ag Reverse Transfer Capacitance 
eects [emevtene tewm [or | [om 


NOTE 1: Derate linearly t9 175°C free-air temperature at the cate of 2 mW/*C. 
FThe fourth lead (case) is connected to the seurce for ali measurements, 


“Indicates JEDEC registered date 
USES CHIP JP71 
373 PRINTED IN U.S.A. 
TEXAS INSTRUMENTS 4-289 
INCORPORATED 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE @OX 6012 + DALLAS, TEXAS 76222 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE, 


TYPES 2N3962 THRU 2N3965 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 679563, FEBRUARY 1967 


FOR LOW-LEVEL, LOW-NOISE, HIGH-GAIN, 
SMALL-SIGNAL AMPLIFIER APPLICATIONS 


© Guaranteed hee at 10 .A, Ta == — 55°C and 25°C 
© Guaranteed Low-Noise Characteristics at 20 .A 


*mechanical data 


2 eas BEE OA 


THE COLLECTOR 1S tN ELECTRICAL 
CONTACT WITH THE CASE 


: “y y ALL JEDEC TO-18 DIMENSIONS 
TT AND WOTES ARE APPLICABLE 
SSS y 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N3962 
2N3965 2N3963 2N3964 
Collector-Base Voltage. . . tee ee eee ee ew ee 6 HOV -B80V -45V 
Collector-Emitter Voltage: (See Note 1) tee ee ew ew ee we ew ee OW -B0V +45 V 
Emitter-Base Voltage 2. 2 1 1 we ee ee ew we BV HBV OV 


Continuous Collector Current . ~<—— -200mA —> 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature: (See Note 2)<— 360mw — 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) .<—- 1.2W —> 
Storage Temperature Range . , oe eee . < - 65°C to 200°C > 
Lead Temperature % Inch from Case for 60 Secends |? | hd Cen 


WOTES: 1, These values apply between 10 A ond 5 mA collector current when the base-emitter diode Is open-circuited. 
2. Derate linearly to 200°C free-air temperature at the rate of 2.06 mW/deg. See Figure 1. 
3, Dorate linearly to 200°C case temperature at the sate of 6.85 mW/deg. See Figure 2. 


“Indicates JEBEC registered dete USES CHIP P18 
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4-280 TEXAS, INSTRUM ENTS 


CORPORAT 
POST OFFICE oy s012 Shih! TEXAS 75222 


TYPES 2N3962 THRU 2N3965 
P-N-P SILICON TRANSISTORS 


a Ee IE EE ST STE 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 2N3962 | 2N3963 


Viarjcpo Collector-Base Breakdown Vattage = —10 wA, lp = 0 


Visr}ceo Collector-Emitter Breakdown Voltage ~5 mA, Ig = 0, See Note 4 


VYieryces Collector-Emitter Breakdown Voltage = —10 pA, Vee = 0 


Viaryeno Emitter-Bose Breakdown Voltage = 10 vA, Ie = 0 


lego Collector Cutoff Current 


Ices Collector Cutoff Current 


lepo Emitter Cutoff Current 


Static Forward Current 


h, 
baad Transfer Ratio 


Vor = +5, le = ~50 mA, 
See Note 4 


Vee Base-Emitter Voltage 


Collector-Emitter Io = —10 mA, 1g = —0.5 mA 


v 
CElsatl saturation Voltage Iq = —SOmA, Vy = —5mA 


Small-Signal Common-Emitter 
Input Impedance 


Smatl-Signal Common-Emitter 
Forward Current Transfer Ratio sy 
Smatl-Signal Common-Eimitter 0 
Reverse Voltage Transfer Ratio 


250 700 


Small-Signal Common-Emitter 1 = 1 kHz 
Output Admittance 


Small-Signal Common-Emitter 


Forward Current Transfer Ratio € = 20 Miz 


Common-Base Open-Circuit 


Output Capacitance f = 1 MHz 


Common-Base Open-Circuit 
Input Capacitance 


Veg = OSV Ig = t= 1 MHz 


NOTE 4; These parameters must be measured using pulse techniques. 1, = 300 jus, duty cycle < 1%. 
ig Pi lp 


*Indicates JEDEC registered data 


ee amp AE I TS 
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TEXAS INSTRUMENTS 4-291 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES 2N3962 THRU 2N3965 
P-N-P SILICON TRANSISTORS 


*operating characteristics at 25°C free-air temperature 


2N3962 2N3964 
PARAMETER TEST CONDITIONS 2N3963 2N3965 
| MAX 
Vog = ~SVi lq = -20 nA, Rg = 10 kN, | 
f = 10 Hz, Weise Bendwidth = 2 Hz 


Yop = 5 Vig = 2 yd, Rg = TOKO, 


f = 100 Hz, Noise Bandwidth = 15 Hz 
NF Spot Noise Figure Vee = 5 Vlg = —20 pA, t= 0k, 
f = 1kHz, Noise Bandwidth = 150 Hz 


Veg = ~5 Vlg = 20 uA, Rg = 10k0, 
f= 10 kHz, Noise Bandwidth = 1.5 kHz 


— Vog = 5 Vig = —20 pA, Rg = kM, 
CE Cc 
WF Average Nolse Figure Noise Bandwidth = 15.7 kitz, See Mote 5 


WOTE 5: Average Noise Figure is measured in on amplifier with response down 3 d8 at 10 Hz ond 10 kHz and a high-frequency rotloff of 6 dB/octove. 
"Indicates JEDEC registered dota 


Z THERMAL INFORMATION 


CASE TEMPERATURE 
FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


2. 
o 


a ase 
> 


®, — Maximum Continuous Device Dissipation — mW 
Py — Maximum Continuous Device Dissipation —W 


ft) 
0 25 50 75 100 125 150 175 200 
Ta —Free-Air Temperature — °C 


0 25 50 75 100 125 150 175 200 
Tc — Case Temperature — °C 


FIGURE 1 FIGURE 2 
PRINTED IN U.S.A. 373 
-292 TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE MOX S012 © DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N3966 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTOR 


BULLETIN NO. DL-S 7011356, AUGUST 1970 


FOR HIGH-SPEED COMMUTATOR AND CHOPPER APPLICATIONS 
e@ Low rds(on) .- - 220 Q Max 
© Low Ip(off) .-- 1nA Max 
@ Low Cysg... 1.5 pF Max 
*mechanical data 
THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 


0.019 
4 Le —— 
LEADS D018 OIA 


ALL DIMENSIONS ARE 
IN INCHES UNLESS 
OTHERWISE SPECIFIED 


0,100 
0.500 _| 
MIN 2—DRAIN 


1- SOURCE 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


“absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage 2 0 0k ee ee ee 80M 
Drain-Source Voltage. 0 we ee 30V 
Reverse Gate-Source Voltage 2 6 6 6 8 ee -30 V 
Continuous Forward Gate Current 20 0 eee ee ee ee ee TOMA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) 2... 2... 300 mw 
Storage Temperature Range. ww ee —55°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds © 6 6 6 6 ee ee es 300°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONSt | MIN MAX | UNIT 

ViBR)GSS Gate-Source Breakdown Voltage ig =—1yA, Vps =0 [-30 =| v | 
Igss Gate Reverse Current Vgs=-20V, Vps=0 | _ 0.1 [ nA | 
VpG=20V, Ig=0 0.1 


2 nA 
ak EPI [on [na 
— pacaiesgeaii Vog=20V, Is=0. Taz tere [02 | a | 
ne [Vos=10V, vas==7v a Tn | 
Oe Vos=10V, Vas=-7V, Taz ise 2 | a 


Vos = 20V 
Vos = 9, 


Ves = 9 
ip=1mA 


Ip =0, f= 1kHz 


f= 1MHz 


Common-Source Short-Circuit 


Vos = 9. V6s=-7V, f=1MHz 
Reverse Transfer Capacitance DS Gs 
NOTE 1: Derate linearly to 200°C free-air temperature at the rate of 1.71 mw/°c, 

*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
tThe fourth lead (case) is connected to the source for all measurements. 


USES CHIP JN51 
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Texas INSTRUMENTS 4.293 


INCORPORATED 
POST OFFICE BOX 5012 © DALLAS, TEXAS 75222 


TYPE 2N3966 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTOR 


ST SSS SS SSS SSS 


*switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONSt 


tdlon) Turn-On Delay Time Vpp = 1.5 V, ID(on) = 1 mA, 


| tr Rise Time Vasion)=9 — Vasior) =—8V, 
loft - Turn-Off Time See Figure 1 


TThe fourth lead (case) is connected to the source for all measurements. 


*PARAMETER MEASUREMENT INFORMATION 


15V 


1.25 ks INPUT 


O OUTPUT 
SKL MODEL 
503A OR 
EQUIVALENT O 


OUTPUT 


TEST CIRCUIT 


VOLTAGE WAVEFORMS 
FIGURE 1-SWITCHING TIMES 


NOTES: A. The input waveforms are supplied by a generator with the following characteristics: Zoy4 = 50 Q, duty cycle < 50%. 


B. Waveforms are monitored on an oscilloscope with the following characteristics: ty S 10 ns, Rin # 5 MQ, Cin < 10 pF. 
*JEDEC registered data 


RS SSS SS ss 


PRINTED IN U.S.A 
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TYPES 2N3970 THRU 2N3972 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. DL-S 7311913, MARCH 1973 


SYMMETRICAL N-CHANNEL FIELD-EFFECT TRANSISTORS 
FOR HIGH-SPEED COMMUTATOR AND CHOPPER APPLICATIONS 


e Low Ip(off) . . - 0.25 nA Max 


e@ Low rds(on) Ciss Product 


*mechanical data 


THE GATE IS IN ELECTRICAL CONTACT WITH THE CASE 


0.019 
3 LEADS Doe DIA 


ALL DIMENSIONS ARE 
IN INCHES 
UNLESS OTHERWISE 


1 — SOURCE 


ALL JEDEC TO-18 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage 2 6 6. et en ee en nn tts 40V 
Drain-Source Voltaga 2 6 we tn er et ttt 40V 
Reverse Gate-Source Voltage 6 6 6 ee —40 V 
Continuous Forward Gate Current «6 6 1 6 2 ee ts 50 mA 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 1) ©. 6 ee ee 1.8W 
Storage Temperature Range... ee —65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 60Seconds . 2 2 ee 300°C 


NOTE 1: Derate linearly to 200°C case temperature at the rate of 10.3 mw/c. 
*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


USES CHIP JN62 


ee 


Texas, INSTRUMENTS 4285 


TYPES 2N3970 THRU 2N3972 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


SE a a a I TP A TES 


4-296 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


2N3970 | 2N3971 | 
PARAMETER TEST CONDITIONS MIN MAX [MIN MAX | junit 
0 |v | 


Vierjess _Gate-Source Breakdown Voltage | Ig =—I uA, Vos = 0 Er EO eee 


logo Drain Reverse Current Yoo = 204, Is a 0 a Pp 02S | 02st 0.25 | nl 

Yoo = 20, =O Y= TE] os] 05] 05 [ar ] 
. Vos = 20V, Vou = =12V p95 0250 Tay 
lojorn Drain Cutoff Current Yor = 20V, Vos = =12V, 1, = 50°C eet 
Vesiorn  Gate-Source Cutoff Voltage Vos = 20V, In = THA a) 


L 
L 


4 


| -2 5] cm 
loss Zero-Gate-Voltage Drain Current | Vos = 20V, Ves = 0, SeeNote2 | 50 150 [25 75| 5 30 | ma | 
< Ves= 0, fp = 20 mA a ee eee 
rain-Source = = 
Vosion —_Qn-State Voltage Ves= 0, Ib = 10mA ees aE (i eee 
Ves = 0, lp = Sma ee 
Static Drain-Source a a 
Foster] —_On-State Resistance Ves=0, Ib = 1mA a 
Small-Signal Drain-Source 
Falsfon) On-State Resistance eer eee fie a 
C Common-Source Short-Circult Vos = 20V, Ves = 0, f = 1 Miz, 
ss Input Capacitance See Note 3 
Common-Source Short-Circuit a _ _ 
Crus Reverse Transfer Capacitance Vos = 0, Ye Sh Sie a ee ee 


«switching characteristics at 25°C free-alr temperature 


2N3970 2N3971 2N3972 
PARAMETER TEST CONDITIONS TYP MAX|TYP MAXITYP MAX 


A (2N3970 
taton) Turn-On Delay Time Yoo = 10Y, lover t = a pera 
5 mA (2N3972) 


Vesion = 0, —10 V (2N3970) 


—5 V (2N3971) 


SeFigue, lesen =] —3 V (2N3972) 
ery 
Voo = 10¥, Inet = 4 6 mA (2N3971) 


t 
fon Turn-On Time 3 mA (2N3972) 


ty Fail Time =12 V (2N3970) 


—7 V (2N3971) 
tort Turn-Off Time —5 V (2N3972) 


Veston = 9, 


See Figure 2, Vestory = 
ns 


NOTES: 2. This parameter must be measured using pulse techniques, ty = 300 jus, duty cycle < 3%. 
3. This parameter must be méasured with bios voltages opplied for less than S seconds to avoid overheating. 


TThese are nominal values; exact values vary slightly with transistor parameters. 
* JEDEC registered dato (typical dato excluded). 
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TYPES 2N3870 THRU 2N3972 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


+10V ty <O.25 ns te < 0.75 ns 


O— 
Ri 
| Jez00 mol INPUT 
OUTPUT Vestotf) 


tdion)-t hag to (off) 
INPUT >i e-t; 


502 10% "Kl 1 J 10% ouTPUT 
90% 90% 


bg (See Notes 8 and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a. The Input waveforms are supplied by a generator with the following characteristics: 254, = 50 1, duty cycle » 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: ty < 0.4 ns, Rip = 10 MM, Cin = 1.6 pF. 


FIGURE 1 


tpSO.5ns t¢<0.6ns 


12 
TEKTRONIX AL . O- 
109 +10 V 200 n INPUT 
Va@Siott) : 


1 uF 10 uF ( 
z A bi, : elton! @rtoti je 
‘atone Peg bp oa taloft) 
ig 
10% Kl LFF 10% OUTPUT 
90% 90% 


TEKTRONIX 567 
(See Note a) 


TEST CIRCUIT VOLTAGE WAVEFORMS 


LTyPe | Fy __|Vasiott) 


. NOTE a: An equivalent generator and oscilloscope may be used. The oscilloscope must have a 60-2 input impedance. 
FIGURE 2 


Sam en rm ET TP IE IT EE A TE STE AT ET EE LOR ED 


373 PRINTED IN U.S.A. 
TI cannot assume any responsibility for ony circuits shown 
or represent that they ore free from potent infringement. TEXAS INSTRUM ENTS 4-207 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE oe 6012 + DALLAS. TEXAS 78222 


IM ORDER 70 IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N3980, 2N4947 THRU 2N4949 
P-N PLANAR SILICON UNIJUNCTION TRANSISTORS 


BULLETIN NO. DL-S 739565, MARCH 1967—REVISED MARCH 1973 


PLANAR UNIJUNCTION TRANSISTORS SPECIFICALLY CHARACTERIZED 
FOR A WIDE RANGE OF MILITARY, SPACE, AND INDUSTRIAL APPLICATIONS: 
2N3980 for General-Purpose UJT Applications 
2N4947 for High-Frequency Relaxation-Oscillator Circuits 
2N4948 for Thyristor (SCR) Trigger Circuits 
2N4949 for Long-Time-Delay Circuits 


e Planar Process Ensures Extremely Low Leakage, High Performance 
with Low Driving Currents, and Greatly Improved Reliability 


*mechanical data 


Package outline is same as JEDEC TO-18 except for lead position. All TO-18 registration notes also apply 
to this outline. 


a 3 eans 2918 ola 
— 


BASE —2 JS IN ELECTRICAL 
CONTACT WITH THE CASE. 


ALL DIMENSIONS ARE 
HES 


IN 
UNLESS OTHERWISE 
SPECIFIED 


‘absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Emitter—Base-Two Reverse Voltage 2. 2. 1. 1. we we ee te ee ee wee) OV 
Interbase Voltage . 2 6 1 1. ee eee ee ee we we ew ww ww we + Se@ Note 1 
Continuous Emitter Current. © 2 2 6. 6 1 1 ee ee ee we ee ee wee) «SOMA 
Peak Emitter Current (See Note 2). . . . sr tet 0% 1A 
Continuous Device Dissipation at (or below) 25°C peed Temaeratore (See Note 3) ne " 360 mW 
Storage Temperature Range . . . Sy GEE sia Hor” cea, MR ceed Vsiodtay a 65°C to 200°C 
Lead Temperature % Inch from Case for 10 seconde : BB Ae Hee as ata Ge Oa. fete Niet 22O0°C 


NOTES: 1. Interbase voltage is limited solely by power dissipation, Vp._3, = \/ tgp ° Pr 
2. This value applies for a capacitor discharge through the emitter—base-one diode. Current must fall to 0.37 A within 3 ms and pulse-repetition rate must not 
exceed 10 pps. 


3, Derate linearly to 175°C free-air temperature at the rate of 2.4 mW/deg. 


*\(ndicates JEDEC registered data 


USES CHIP U42 


4-298 T EXAS INSTRUMENTS 


CORPORA 
POST OFFICE BOX 5012 © DALLAS, TEXAS 75222 


TYPES 2N3980, 2N4947 THRU 2N4949 
P-N PLANAR SILICON UNIJUNCTION TRANSISTORS 


ec a 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


2N3980 | 2N4947 | 2N4948 | 2N4949 
| PARAMETER TEST CONDITIONS MIN MAXIMIN MAXIMIN MAXIMIN MAX UNIT 
'e8 Static Interbase Resistance Vere) — 3%, tg = 0 
Interbase Resistance Veo.g, — 3% Ig =o 
Orne Temperature Coefficient Ty = —65%C to 100°C, See Note 4 


n Intrinsic Standoff Ratio 
te2{mod) Modulated Interbose Current 


lemo Emitter Reverse Current 


|p Peak-Point Emitter Current 


¥ Emitter — Base-One 
EBt{sat) — Saturation Voltage 


Voo.g) = IOV, t_ = 5OmA, See Note 5 


Wy Valley-Point Emitter Current Veo.g) = 0V¥ 
Vosi Base-One Peak Pulse Voltage ai See Figure 2 
NOTES: 4. Temperature coefficient apgg is determined by the following ae 7 (rg, @ 100°C) — (reg @ 45°) ] 100% 
en {tgp @ 25°C) 165 deg 


To obtain rgg for o given temperature Tataye use the following formula: 
eq) = [ees @ 25°C] [1 + (eeepe/1O%NT a42y-25°0] 


5, These parameters are measured using pulse techniques. tp = 300 ms, duly cycle < 2%. 


*PARAMETER MEASUREMENT INFORMATION 


7) — Intrinsic Standoff Ratio — This parameter is defined in terms 
of the peak-point voltage, V,, by means of the equation: V, =% 
Vann + Vp. where Vp is about 0.56 volt at 25°C and decreases 
with temperature at about 2 millivolts/deg- 


+10V © 


The circuit used to measure 7 is shown in the figure. In this cir- 
evit, R,, C, and the unijunction transistor form a relaxation oscil- 
lator, and the remainder of the circuit serves as a peak-voltoge 
detector with the diode D, automatically subtrecting the voltage 
Vp. To use the circuit, the “cal” button is pushed, and R, is 
adjusted to make the current meter M, read full scale. The “cal” 
button then is released and the value of 7 is read directly from 
the meter, with 7 = 1 corresponding to full-scale deflection of 
100 yA. 
D,: 1N457, or equivalent, with the following cheracteristics: 
Vp = 0.565 V at Ip = SO pA, 
M,: 100 pA Full Scale Ig S2mAot¥, = WY 

FIGURE 1 — TEST CIRCUIT FOR INTRINSIC STANDOFF RATIO (y) 


EMITTER—BASE-ONE VOLTAGE 
vs 
EMITTER CURRENT 


FIGURE 2—Vo,, TEST CIRCUIT FIGURE 3 — GENERAL STATIC EMITTER CHARACTERISTIC CURVE 


*Indicates JEDEC registered data 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N3993, 2N3993A, 2N3994, 2N3994A 
P-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO, DL-S 6811115, OCTOBER 1968 


FOR HIGH-SPEED COMMUTATOR AND 
CHOPPER APPLICATIONS 


e Low fasion) --» 150 Max (2N3993, 2N3993A) 
High {y;,|/Cj.5 Ratio (High-Frequency Figure-of-Merit) 
e Low Leakage 

e Low C,,,...3 pF Max (2N3993A) 


*mechanical data 


oo19 a 
AMAR gong A THE ACTIVE ELEMENTS ARE 
ELECTRICALLY INSULATED FROM 
THE CASE 


ring ALL JEDEC 10-72 DIMENSIONS 
aoa AU Ditesiiones ARE 


AND NOTES ARE APPLICABLE 


HES 
UNLESS OTHERWISE 
SPECIFIED 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage: (o./fisid6 Asa tin hs acs Beigel ee Sena aca eo ae a bile, Bel ey tealne eg ae ae -25V 
Drain-Source: Voltage 2.5 2 sies0 pba ew aie v seclars fo Beare he Aa eelle Teaie Reg SRN ol ceed actuate a Se -25V 
Reverse Gate-Source Voltage... 0. ce te nett ete e eee eeees 25V 
Continuous Forward Gate Current 2.0.0.0... ce eee ee tee e ne eeane -10 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) ....... 300 mw 
Storage Temperature Range... 0... cece tee eee nee ett een ntens -65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds .......- 0... e ec eee een te eae 300°C 


NOTE: 1. Derate linearly to 175°C free-air temperature at the rate of 2 mW/°C. 
"Indicates JEDEC registered data 


USES CHIP JP72 


373 


4-300 TEXAS, INSTRU IMENTS 


NCORPORATE 
POST OFFICE BOX 5012 » DALLAS, TEXAS 78222 


TYPES 2N3993, 2N3993A, 2N3994, 2N3994A 
P-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


*glectrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS f NERS LAT SS RIN RARISTN S 39944 Al unit 


BI a 
Woe=-8V =o [ap] 


lpbco Drain Reverse Current VpoG=-15V, 1, Recep aT 
Ta = 150°C 
loss Zero-Gate-Voltage Drain Current, VOS * “10V, Ves = 0, 
See Note 2 


teeta ut 


Vps=-10V, Vos=6V 


Vos =-10V, Ves =6V, 
Ta = 150°C 
ae 


'D(off) Drain Cutoff Current 


Vps=-10V,  Vos=10V 
Vos=-10V, Ves = 10V, 

Ta = 150°C 
Vos =10V, Ip =-1HA 
Small-Signal Drain-Source Ves = 9, Ip = 90, 
On-State Resistance f= 1kHz 


Iveel Smatl-Signal Common-Source Vos =-10V, Ves= 
Forward Transfer Admittance = 1 kHz, See saate 2 


"ds(on) 


Common-Source Short-Circuit Vps #-10V, Ves 29, 
f=1 “_ See Note 3 


see Ves =6V, 
=1 sed 


er Ves = 10 V, 
€= 1 MHz 


Ciss 
Input Capacitance 


Crse Common-Source Short-Circuit 
Reverse Transfer Capacitance 


NOTES: 2. These parameters must be measured using pulse techniques. tp= 100 ms, duty cycle S 10%. 

3. This parameter must be measured with bias voltages applied for tess than 5 seconds to avoid overheating. 
*Indicates JEDEC registered data 
#The fourth lead (case) is connected to the source for all measurements. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


P, — Maximum Continuous Device Dissipation — mw 


t) y~) 50 75 100 125 150 175 200 
Ta — Free-Air Temperature — °C 


869 PRINTED IN U.S.A. 
TEXAS INSTRUMENTS 4-301 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N4013, 2N4014 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311917, MARCH 1973 


FAST, HIGH-VOLTAGE, HIGH-CURRENT CORE DRIVERS 
e hfe Guaranteed from 10 mA to 1A 


@ Guaranteed Switching Times at 500 mA 
e Also Available in TO-39 as 2N3724, 2N3725 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


0.019 
——— DIA 
3 LEADS D016 


ALL DIMENSIONS ARE 
0.230 0.195 IN INCHES UNLESS 
0.209 0.178 OTHERWISE SPECIFIED 


' DIA DIA 
ie oe 


ALL JEDEC TO-18 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


PT a0 20014 [unit 
Collector-Base Voltage | 50 | 
Collector-Emitter Voltage (See Note 1) | 30 | 
Emitter-Base Voltage | 6 | 
Continuous Collector Current | 05 | 

| 12 


[Storage Temperature Range TD 


NOTES: 1. These values apply between 0.01 mA and 500 mA collector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 200°C free-air temperature at the rate of 2.06 mW/C. 
3. Derate tinearly to 200°C case temperature at the rate of 6.85 mw/°C, 


*JEOEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


USES CHIP N13 
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TYPES 2N4013, 2N4014 
N-P-N SILICON TRANSISTORS 


“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


v Collector-Base 
(BR)CBO Breakdown Voltage 


Cotlector-Emitter 
Io= Ig =0, N 
VIBRICEO Breakdown Voltage c=10mA, Ip=0 See Note 4 


Collector-Emitter 
Vv = Var = 
ae Breakdown Vol g ic buat ii : fo [» |v 
: fe fe 


TEST CONDITIONS 


Ie=10uA; Ie =0 


mitter-Base 


Vv ie =10uA, Io=0 
(BRIEBO Breakdown Voltage E oF c 


Vop=40V, Ie =0 
Vep=40V, le =0, Ta = 100°C 
Veg 260V, Ie *0 
Vop=60V, le <0, Ta = 100°C 


Vee =50V, Vee = 9 
Ices Collector Cutoff Current CE BE 
VcE=80V, Vee = 0 
Vce =50V, Vee=0 
Ig Base Current CE BE 
Vce=80V, Vee =0 


VeeE=1V, Ic=10mA 
VceE=1V, Iq = 100 mA 
Vce*1V, Ic¢=100mA, 


Ta=—55°C 


= 
~ 


{cso Collector Cutoff Current 


See 
h Static Forward Current VceE=1V, Ic =300mA Note 
re Transfer Ratio VcE=1V, !c¢2500mA 4 


VcE=1V. Ic 500 mA, 
Ta =—-55°C 

Voce = 2V. I¢ = 800 mA 

Vce=5V, IczlA 


Ip=1mA, I¢=10MA 

ip=10mA, !¢=100mA 

lg=30mA, I¢=300ma| 

B vc Note 

Ip=50mMA, Ic = 500mA 4 

Ip=80mA, I¢= 800 mA r 18 | 
p= 100mA, Ic=1A 


Ip=tmA, Ic=10mA 
Igp=10mA, Ic=100mA 


Vee Base-Emitter Voltage 


Se 
4 Collector-Emitter Ip=30mA, I¢=300mA] ie 
CE (sat) Saturation Voltage Ip =50mA, !c¢ = 500 mA “ 


p= 80mA, tc = 800 mA 
Ip= 100mA, IG=1A 


Smalt-Signal Common-E mitter 
VcE=10V, I¢=50mA, f= 100MH 
Mel Forward Current Transfer Ratio ce~ 10 7 a i 


Common-Base Open-Circuit 
Cc Vege 10V, te =90, f=1MH 
ad Output Capacitance re : - |] tof or | 


Common-Base Open-Circuit 


Vep=0.5V, Ico=9, f= 1 MHz 
Input Capacitance EB ¢ 


Cibo 


NOTE 4: These parameters must be measured using pulse techniques. ty = 300 ys, duty cycle < 1%, 
*JEDEC registered data 


TEXAS, INSTRUMENTS 4-303 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 78222 


TYPES 2N4013, 2N4014 
N-P-N SILICON TRANSISTORS 


“switching characteristics at 25°C free-air temperature 


2N401 
PARAMETER TEST CONDITIONSt per anor 


Pig Dey Tine Sd ge = 0, Tg = B00 mA, 
Ia(1)"80mA, VeE(ott) = -28V, 
See Figure 
[Storage Timed gg 80, Tg = BO, 
Pee a Tie] ait) = 80 A, tf 2) = -0mA, 
Dior Turon Time CCS 


See Figure 1 
tVoltage and current vaiues shown are nominal; exact values vary slightly with transistor parameters. 


*PARAMETER MEASUREMENT INFORMATION 


INPUT 

INPUT rn ~| 
ct a 

~- U7 | ane 

10% ' OF i0% 
y OUTPUT 
90% 9% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1 — 500-mA SWITCHING TIMES 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Zoy¢ = 50 22, t, < 1 ns, te 1s, ty © 1s, 
duty cycle < 2%, 
b, The output waveforms are monitored on an oscilloscope with the following characteristics: te S 11s, Rin > 100 KR, Cin <7 pF. 


*JEDEC registered data 


ST TE a EE Te TP TP TS ST A ST 


PRINTED IN U.S.A. 373 
TH cannet assume ony responsibility for any circuits shown 
4-304 TEXAS, INSTRUM ENTS Of represent thot they ore free from patent infringement. 
CORPORA 
Post office a sora s nN TEXAS 75282 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPES 2N4026 THRU 2N4033 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. OLS 7311982, MARCH 1973 


MEDIUM POWER P-N-P TRANSISTORS 
FOR COMPUTER MEMORY APPLICATIONS 


@ Increased Dissipation at 25°C Case Temperature . . . 10 W Max (2N4030 thru 2N4033) 
® High V(BR)CEO ... 80 V Min (2N4027, 2N4029, 2N4031, 2N4033) 
mechanical data 


2N4026 THRU 2N4029 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


_ 
Bt 


ALL JEDEC TO-18 DIMENSIONS AND NOTES ARE APPLICABLE* 


2N4030 THRU 2N4033 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


0.5 MIN 


CASE TEMPERATURE 
MEASUREMENT POINT 


i g ALL DIMENSIONS ARE 
IN INCHES 
® Bil om UNLESS OTHERWISE 
SPECIFIED 


ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE® 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
2N4026 2N4027]2N4030 2N4031| |... 

2N4028 2N4029 | 2N4032_2N4033 
Collector-Base Voltage —60* __-80* | —60* __-80* 
Collector-Emitter Voltage (See Note 1) —60* —80* | -60* —80* 
|_v_| 


Emitter-Base Voltage 
rw 


ee eee 
Continuous Collector Current a ee ee Le 
eee ee 
Free-Air Temperature (See Note 2) 
Continuous Device Dissipation at (or below) 25°C ae eee ee 
Case Temperature (See Note 3) 4* 
[Storage Temperature Range C™~—“~*~*~*—‘“‘;‘;~;~;~S;*SCSC~*dYSC FS tO 2OQ™ | 65 to. 200" _| “CC | 
[Lead Temperature 1/16 Inch from Casefor0Seconds SCT S300" | 300" “| 


NOTES: 1, These values apply between 0 and 10 mA collector current when the base-emitter diode is open-circuited. 
2. Derate tinearly to 200°C free-air temperature at the rates of 2.86 mW/°C for 2N4026 through 2N4029 and 4.56 mw/c for 
2N4030 through 2N4033. 
3. Derate linearly to 200°C case temperature at the following rates: 11.4 mW/C for the 2-watt rating, 67,1 mW/°C for the 10-watt 
rating, and 22.8 mW/°C for the 4-watt rating. 
The JEDEC registered outline for these devices is TO-6. TO-39 falls within TO-5 with the exception of lead length. 
*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
t This value is guaranteed by Texas Instruments in addition to the JEDEC registered value which is also shown. 


USES CHIP P16 


TEXAS INSTRUMENTS , 4-305 


INCORPORATED 
POBT OFFICE BOX 8012 ¢ DALLAS, TEXAS 76222 


4-306 


TYPES 2N4026 THRU 2N4033 
P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


Collector-Base 
Breakdown Voltage 
Collector-Emitter 
Breakdown Voltage 
Emitter-Base 
Breakdown Voltage 


ViBRICBO 
V(BR)CEO 


V(BR)EBO 


Collector Cutoff 


! 
cBo Current 


TEST CONDITIONS 


Ic=-10uA, IE=0 


Ic=—-10mA, Ip=0, 
See Note 4 


ie =-10 yA, Vote 


Vep=—S50V, Ie =0, 
Ta = 150°C 
Vep=—60V, 

Ta = 150°C 


leEBo Emitter Cutoff Current] Veg =-5V, Ic 


Static Forward Current 


Transfer Ratio 


VBE Base-Emitter Voltage 


Collector-Emitter 


Vv 
CE (sat) Saturation Voltage 


Smail-Signal 
Common-Emitter 


heel 


Forward Current 
Transfer Ratio 
Collector-Base 
Capacitance 
Common-Base 
Open-Circuit 
Input Capacitance 


Cibo 


VcE= 


VceE=—5 7 
I¢ = —100 mA 
Vee =—5V, 


Ic = —100 mA, 
Ta=—-55°C 


Vce =—-5V, 
VcE=—-5V, 
IG=-1A 


Ig =—-15mA, 
Ic = -150 mA 
Vce = -0.5V, 
4 
Vce=-1V, 
Ic=-1A 


Ig =—15 mA, 

tc = -500 mA 

ig = —100 mA, 
Vce =—-10V, 
f = 100 MHz 


lo= aa uA 


See Note 4 


Ic = —50 mA, 


Vop = -10V, 
f= 1 MHz, 


Ie = 0, 
See Note 5 


Veg =—0.5V, 
f= 1 MHz 


I¢ = 0, 


2N4026 2N4027 2N4028 2N4029 
2N4030 2N4031 2N4032 2N4033 UNIT 
ae Eee ee eae 
eee ee ee 
ae Se ee ia 


NOTES: 4. These parameters must be measured using pulse techniques. tw = 300 us, duty cycle < 1%. 


5. Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the 


guard terminal of the bridge. 


*JEDEC registered data 


TEXAS INST 


RUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 
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TYPES 2N4026 THRU 2N4033 
P-N-P SILICON TRANSISTORS 


ar cP FP 


switching characteristics at 25°C free-air temperature 


TEST CONDITIONSt ar 


Voc = -30V, Ic = —500 mA, 
1B) = —50 mA, 'B(2) = 50 mA, 


VBE (off) = 3.8 V, See Figure 1 


tvoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
*JEDEC registered data 


PARAMETER MEASUREMENT INFORMATION 


+3.8V —-30 V 
602 ov 
1k2 INPUT 
OUTPUT -97V—— i ' 
10 hE t I 
ton e—t 
INPUT ig on | off —> 
100 2 — lead | foto | 
I i of 
= + a BA a 
! i] 
= I I OUTPUT 
(See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zout = 50 2, ty < 20 ns, te < 20 ns, ty © 10 us, 
duty cycle © 2%, 
b. Waveforms are monitored on an oscilloscope with the following characteristics: tp © 10 ns, Rin » 100 k&. 
FIGURE 1—500-mA SWITCHING TIMES 


THERMAL INFORMATION 


2N4026 THRU 2N4029 2N4030 THRU 2N4033 
FREE-AIR TEMPERATURE CASE TEMPERATURE CASE TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 
24 —- + aa 12 


3 


oe 


rs 


nN 


JEDEC pena ~ 
| roma Be ! 
0 2% SO 75 100 126 150 175 200 0 25 60 75 100 125 150 175 200 


Py — Maximum Continuous Device Dissipation — W 
P7—Maximum Continuous Device Dissipation—W 
a 


Py—-Maximum Continuous Device Dissipation—W 


0 2 60 75 100 125 150 175 200 


Ta—Free-Air Temperature—"C Tc—Case Temperature—"C Tc—Case Temperature—"C 
FIGURE 2 FIGURE 3 FIGURE 4 
373 PRINTED IN U.S.A. . 
Ti cannot assume any responsibility for any circuits shown 
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TYPES A5T4026 THRU A5T4029, A8T4026 THRU A8T4029 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7312002, MARCH 1973 


SILECTt TRANSISTORS+ 
FOR GENERAL PURPOSE APPLICATIONS 
e High V(BR)CEO . . . 80 V Min (A5T4027, A5T4029, A8T4027, A8T4029) 
High Current Capability ...1A 


@ Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 
Pin-Circule Configuration 


mechanical data 
These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. This case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 
A5T4026 THRU A5T4029 


ewes 
oe a i“ 


0.017 + 0.00? oa, 
ee a 
0.005 seo mae 3- COLECTOR 


Lead diameter is not controlled in this area, 

. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions 
measured in the gaging ptane 0.054 below the seating plane of the device relative to 
a maximum-diameter package. 

+ All dimensions are in inches. 


A8T4026 THRU A8T4028 


| ‘i 0.050 (NOTE A) 


at, ease 
EMITTER 
0.500 MIN. 0.050 = 0.005. + 0.002 


3 LEADS 0.017 * O07 


ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


NOTES: A. Lead diameter is not controlled in this area. 
B. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


AST4026 A5T4027 
AST4028 AST4029 
A8T4026 A8T4027 
A8T4028 A8T4029 


Collector-Base Voltage . . eR Oh teen Se Soi et re: ee eM as RD a —-60V —-80V 
Collector-Emitter Voltage (See Note yy Bide ey Gay te a asks de Ae pet et oe -60V -80V 
Emitter-Base Voltage 2. 2 2... -5V -5V 
Continuous Collector Current os 4 Ce ee — 1 Ae 
Continuous Device Dissipation at (or below) 25° Cc Free-Air Temperature (See Note 2) ee eee 625 MW eng 
Continuous Device Dissipation at (or below) 25°C Lead neeale (SeeNote3) . . . . «——1.25 W-—e 
Storage Temperature Range. . ‘ ce ee ee ee ee te 65°C to 150°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds ee ee 260°C —— 


NOTES: 1. These values apply between 0 and 10 mA collector current when the base-emitter diode is open-circuited. 
2. Derate linearty to 150° Jc free-air temperature at the rate of 5 mW/°C. 
3. Derate linearly to 150°C lead temperature at the rate of 10 mW/’C. Lead temperature is measured on the collector lead 1/16 inch 
from the case. 


tTrademark of Texas Instruments 
tu.s. Patent No. 3,439,238 


USES CHIP P16 


eS SSS Se ae eerie 
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INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES A5T4026 THRU AST4029, A8T4026 THRU A8T4029 
P-N-P SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


AS5T4026 AST4027 A5T4028 A5T4029 
TEST CONDITIONS arg Ha Ma] Coe 
| ViBRIcs0 Ge ae 
v ano en te I¢=-10mA, Ig =0, 
(BRICEO Breakdown Voltage | See Note 4 
Emitter-Base 


Voa=-60V. te=0 [| __—sd 


3 "+3 » | 

a ae ae) 

Vep=—-50OV, ig =0, 

rare ee 

Vcop=-60V, i¢=90, 

ae a a ee 
a) Se) a ae) 


vEg=—t¥ I¢=0 


[Vce=-5V, ig=-1004A | 30 | 30 aeen ee 


vee ==8¥. 100 300] 100 
Ic = —100 mA 


See Note 4 Cc 


Vce=—5SV. 
I¢ = —500 mA 


Collector Cutoff 


‘ceo Current 


lego Emitter Cutoff Current 


Static Forward Current 
Transfer Ratio 


Vce=—5V, 
Ic 1A 


Ig = —-15 mA, 09 
I¢ = —150 mA 
Voce = —0.5 V, 

Vv Emitter Vol 4 Vv 
emai Dea hee Med Me) Me) i) 
Vce*-1V, 

Ic=-1A 

lg=-1 . . 

aren ~0.15 0.15 0.15 
Ic = —150 mA 

Ig = —50mA, 

Ca acts Mca eM es 
ig = —100 mA, 
Io¢=-1A 
VceE=-10V, Ic¢=—-50mA, 
f = 100 MHz 


Collector-Emitter 


Vee (sat) Saturation Voltage 


Small-Signal 
Common-Emitter 
Forward Current 
Transfer Ratio 
Collector-Base Vop=—-10V, Ite =0, 
Capacitance f= 1 MHz, See Note 5 
Common-Base 
Cibo Open-Circuit 

Input Capacitance 


Ptel 


Cob 


Vep=-O5V. i¢=0, 
f= 1 MHz 


NOTES: 4. These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
5. Cop, Measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the 
guard terminal of the bridge. 
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TEXAS INSTRUMENTS 4-309 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 - 


TYPES AS14026 THRU A5T4029, A8T4026 THRU A8T4029 
P-N-P SILICON TRANSISTORS 


Neen nara eS 


switching characteristics at 25°C free-air temperature 


PARAMETER 
ton Turn-On Time 


tf Fall Time 


Vec = -30 V, 
'B(1) = ~50 mA, 
VBE loft) = 3.8 V, 


IB(2) = 50 mA, 
See Figure 1 


Tt Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 


+3.8V —30 V 
60 2 ov 
1k2 INPUT 
OUTPUT -97v—-—1 : 
10 uF t 1 
I> ton b— top —>} 
INPUT t I ' | 
100 2 — ae ! Hts 
I 1 ot 
622 = t ~~ tf rf 
! | 
I I OUTPUT 


TEST CIRCUIT 


(See Notes a and b) 
VOLTAGE WAVEFORMS 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zou, = 50 2, tp < 20 ns, te < 20 ns, ty, = 10 us, 
duty cycle < 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: ty = 10 ns, Ri, > 100 KQ. 


FIGURE 1—500-mA SWITCHING TIMES 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


= = 

i J (a (ee ae 
1 I 

5 S 

3 =e eee 
8 2 1200 ae 

F i ae oO ae ee ee 
a a a a 
fa) a) 

: pe SS 

3 3 

: E on ee ae 
2 2 600 N] 

5 8 

: eet sealed 
: ay 

: E eS Se 
*% x 200 IS 

i i ad 
a & 0 


0 25 50 75 100 125 


Ta—Free-Air Temperature—°C 
FIGURE 2 


LEAD TEMPERATURE 
DISSIPATION DERATING CURVE 


0 25 50 75.100 125 150 


T_—Lead Temperature—°C 
FIGURE 3. 


4-310 


NCORPORATED 


TEXAS INSTRUMENTS 


POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


PRINTED IN U.S.A. 373 
Tl cannot assume sny fesponsibility for any circuits shown 
or sepresent that they ore free from potent infringement. 
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TYPES 2N4058 THRU 2N4062, A5T4058 THRU A5ST4062, 
A8T4058 THRU A8T4062 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. OL-S 7311962, MARCH 1973 


SILECTT TRANSISTORS? 

Ideal for Low-Level Amplifier Applications 

Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 

Pin-Circle Configuration 

e Recommended for Complementary Use with 2N3707 thru 2N3711, A5T3707 
thru A5T3711, or A8T3707 thru A8T3711 
mechanical data 

These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 


deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


2N4058 THRU 2N4062, AST4058 THRU A8T4062 
“ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


+0.005 


| 0.080 (NOTE A) cas ree =| Fs ke aoe: 
— ~R-—J ~ 0.020 -0.020 


3 
a 


ee aes 0.500 Mun. =) ae + ogee 


3 LEADS 0.017 ~ O01 


A8T4058 


NOTES: A. Lead diameter is not controlled in this ares. 
8B. All dimensions are in inches. 


2N4058 thru 2N4062 Emitter Collector Base 
A8T4058 thru A8T4062 | Emitter Base Collector 


_ eel 


NOTES: A. Lead diameter is not controlled in this area. 

B. Leads having maximum diameter (0.019) shal! be within 0.007 of their 
true positions measured in the gaging plane 0.054 below the seating 
plane of the device relative to a maximum-diameter package. 

. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . a ap akg ye Rate a eee WS elk eae ote dads eee SOOM" 
Collector-Emitter Voltage (See Note yD Bede wae enkicy: ot an Nel, term te) oa uh Wat Gol E> ae Gr doen eles SOM 
Emitter-Base Voltage 2 2 2 2 1 wk ee eee BT 
Continuous:Collector Current . . . . a Sg Tale aie ew Ba Sa 2 ad 6 4S ee gO mAT 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) S2oni 
Storage Temperature Range. Co ee ee ee we ee ee es BBP to 150°C* 
Lead Temperature 1/16 Inch from Case for 10Seconds . 2. ee ee 260°C* 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate the 625-mW rating linearly to 150°C free-air temperature st the rate of 5 mW/°C. Derate the 360-mW (JEDEC registered) 
rating tingarly to 150°C free-air temperature at the rate of 2.88 mw/°c. 
*The asterisk identifies JEDEC registered data for the 2N40658 through 2N4062 only. This data sheet contains all applicable registered data in 
effect at the time of publication. 
t Trademark of Texas Instruments 
U.S. Patent No. 3,439,238 


Texas Instruments guarantees this value in addition to the JEDEC registered value which is also shown. USES CHIP P18 


TEXAS INSTRUM ENTS 4-311 


CORPORAT 
POST OFFICE BOX 6012 ¢ DALLAS, TEXAS 75222 


TYPES 2N4058 THRU 2N4062, A5T4058 THRU A5T4062, 
A8T4058 THRU A8T4062 
P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


2N4062 
A5T4062 
A8T4062 


AST4058 | AST4089 | AST4060 | AST4061 
A8ST4058 | ABT4050 | AST4060 | A8T4061 


[MIN MAX | MIN MAX / MIN MAX|MIN MAX] MIN MAX] 
Vv Coliector-Emitter I¢=-1mA, Ig =0, V 
{BR)CEO Breakdown Voltage See Note 3 
Collector Cutoff 


no st Sareea, tex |] eal eal a ol oe 
h Static Forward Current /Vce=—-65V, Ic¢=—100uHA | 100 400; | | 
ce Transfer Ratio Vce=-5V, Ic=-1mA | ~+«| +45 660| 45 166 35350) 35 a 
Base-Emitter Voltage [Vce=-5V, Ic=—1mA |[-0.5 —-1[/-0.6 ~-1/-08 -1/-0.5 —1] 
Collector-Emitter 
v =-0, o- 
Cet) aurnton Vain [87 “BSA, Io ~—10mA cae ee 
Smalt-Signal Vce=-6V, !¢*-100KA, 100 660 
Common-Emitter f= 1kHz 
Vce=—-5V, Ic=—imA, 
aa is CREM | | 48 00] 45 280] 90 450| 180 800 
bat z 


Forward Current 
a *operating characteristics at 25°C free-air tamperature 


Transfer Ratio 
PARAMETER TEST CONDITIONS aor aaron UNIT 
MIN TYP MAX | 
> Ye Voce = -5V, Io = —100 nA, Rg = 5kaQ, 
F A Noise F 
Noise Bandwidth = 15.7 kHz, See Note 4 


NOTES: 3. This parameter must be measured.using pulse techniques: tw * 300 us, duty cycle < 2%, 
4. Average Noise Figure is measured in an amplifier With response down 3 dB at 10 Hz and 10 kHz and a high-frequency rolloff of 
6 dB/octave. 
“The asterisk identifies JEDEC registered data for 2N4058 through 2N4062 only. 


PARAMETER TEST CONDITIONS 


THERMAL INFORMATION 
DISSIPATION DERATING CURVE 


P+—Maximum Continuous Device Dissipation—mW 


0 25 50 76 100 125 160 
Ta—Free-Air Temperature—C 


FIGURE 1 
PRINTED IN U.S.A, 373 
4-312 TEXAS INSTRU MENTS 
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*mechanical data 


TYPES 2N4091 THRU 2N4083 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. DL-S 7311914, MARCH 1973 


SYMMETRICAL N-CHANNEL FIELD-EFFECT TRANSISTORS 
FOR HIGH-SPEED COMMUTATOR AND CHOPPER APPLICATIONS 


e Low Ip(off) - - . 0.25 nA Max 
e@ Low rds(on) Ciss Product 


THE GATE 18 IN ELECTRICAL CONTACT WITH THE CASE 


ALL JEDEC TO-18 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage 2. 1 we ee Ee es 40V 
Drain-Source Voltage. 6 we ee ee ts 40V 
Reverse Gate-Source Voltage 6 6 we ee ee —-40V 
Continuous Forward Gate Current 2. 6 6 ee ee 10 mA 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note!) .... - me sa ae ee 1.8 W 
Storage Temperature Range 2. 2 ee —58°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10Seconds «6 6 et tt 300°C 
NOTE 1: Derate linearly to 200°C case tempersture st the rate of 10.3 mw/c. 
*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
USES CHIP JN52 
a Ln 
Texas INSTRUMENTS 4313 
INCORPORATED 


POST OFFICE BOX 5012 © DALLAS, TEXAS 75223 


TYPES 2N4091 THRU 2N4093 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


|_2N4092 [ 2N4093 _| 


PARAMETER 
Vieress _ Gate-Source Breakdown Voltage 


TEST CONDITIONS 
lg =-! pA, Vos =0 
Yoo = 20 Vv, ls=0 
Yon = 20V, Is = 0, 
Vsq = 20 Vv, Ib=0 
Vos = 20V, Vos = —12V 
Vos = 20 V, Ves =-8V 
Vos = 20, Ves = -6V 
Vos = 20V, Ves= -I2V, Ta = 150°C 
Vos = 20 V, Ves =-8 V, Ta = 150°C 
Vos = 20V, Ves = -6V, TT, = 150°C 
Vos = 20 V, Ip = 1nA 
Vos = 20V, Ves = 0, See Note 2 
Ves =0, Ib = 6.6mA 
Ves =0, lo =4mA 


Ves = 0, lo = 2.5 mA 


Ves = 0, Ib = 1 mA 


logo Drain Reverse Current 1, = 150°C 


Source Reverse Current 


PEPE 


wud 


a] 
lel 


a: 


lojorn Drain Cutoff Current 


& 


fe 


Vesiory  Gate-Source Cutoff Voltage 
Zero-Gate-Voltage Drain Current 


, Drain-Source 
DSton) —_On-State Voltage 


Static Drain-Source 

Toston) —_On-State Resistance 
Small-Signal Drain-Source 
Faston) On-State Resistance 

C Common-Source Short-Circuit 

iss Input Capacitance 

Common-Source Short-Circuit 
Reverse Transfer Capacitance 


= 
a 


Bias 


Ves = 0, lo = 0, f = 1 kHz 


Vos = 20V, f = 1 MHz, 
See Note 3 


Vos = 0, Vos = —20V, f = 1 MHz 


Ves = 0, 


Crs 


Be 


*switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


FYE MAXL TH MAX TrPese| UNIT 


' 6.6 mA (2N4091 
ie 2.5 mA (2N4093) 
t. Rise Time Veston) = 0, —12V (2N4091) | ow] ow 
= v (2N4092 
a_i aa et CC 
tHe Ti er A 
Yoo = 10¥, Intent = 4 6 mA (2N4092) 
Tun-On Time Sg smafewony[sS [es Tw | 
Fall Time pea —12 V (24091) 7 
un2, You =) 7¥ anal” [8 [a Pas | 
. See Figure 2, loft 
ton__ Toff Tine =sviamaong Pe a | 


NOTES: 2, This parameter must be measured using pulse techniques. ty— 300 Bs, duty cycle < 3%, 

4. This parameter must be measured with bias voltages applied for less than $ seconds to avoid overheating. 
TThese are nominal values; exact values vary slightly with transistor parameters. 
*JEDEC registered data (typical doto excluded}. 
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TYPES 2N4091 THRU 2N4093 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


_ PARAMETER MEASUREMENT INFORMATION 


43V tp <1 ns te <1 ns 


R sn a | INPUT 
: Vesiotf) 
OUTPUT si tel alice ie 
tdlon)-o- el kal— ta (oft) 
SKL trad p> ey ett 
MODEL 
503A, 10% Wl 1 ax OUTPUT 


(See Notes a and b) 
VOLTAGE WAVEFORMS 


a 


et onl 8v 
f2n4093 [1.13 ko] -6V | 


NOTES: a. The input waveforms are supplied by a generator with the following characteristic: 
b. Waveforms are monitored on an oscilloscope with the following characteristics: ty 


FIGURE 1 


TEST CIRCUIT 


$s: Zoyt = 50 Q, duty cycle * 2%. 
<€ 0.4 ns, Rin = 10 MQ, Cin = 1.5 PF. 


tp <0.5ns te <0.5ns 


Re 5192 
TEKTRONIX ; 
+10 V 200 
109 ns INPUT 
VGS(off) 


1 uF 10 uF 
| —elton! ot je 
‘alone ag eeu) tdloff) 
el pee py e-t 


rae Tr \ me 


*  TEKTRON:X 567 
(See Note a) 


TEST CIRCUIT Tyee awe [Ri [asieeny VOLTAGE WAVEFORMS 
jenaoe2i.b4 uot 7 
3.16 kQ 
NOTE a. An equivalent generator and oscilloscope may be used. The oscilloscope must have a 50-2 input impedance. 
FIGURE 2 
373 PRINTED IN U.S.A. 
TI cannot assume any responsibility for any circuits shown 
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TYPE 2N41004 
N-P-N SILICON TRANSISTOR 


BULLETIN NO. OL-S 668315, JANUARY 1966 


DESIGNED FOR USE 
IN LOW-LEVEL, LOW-NOISE 


© Guaranteed Low-Noise Characteristics 
at 10 Hz, 100 Hz, 1 kHz and 10 kHz 


© Very High Guaranteed hr, at 
Ic =10 A: 400 Minimum 


© High Rated Vego : 10 V 


*mechanical data 


THE COLLECTOR 1S IN ELECTRICAL 
oie CONTACT WITH THE CASE 
T ALL JEDEC TO-18 DIMENSIONS AND 
NOTES ARE APPLICASLE 


ALL CIMENSIONS ARE 


IA INCHES 
UNLESS OTHERWISE 
SPECIFIED 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . . 2... .... OMe el Se aoe Aw BOON 
Collector-Emitter Voltage (See Note VD) Gee fee es Yeo, tes eer Be wer te ge Boe qs (BOUV, 
Emitter-Base Voltage . 2... . . ww kkk ae ay ew wt Ae ee SOV 
Continuous Collector Current . * et : » . « 5OmA 


Continuous Device Dissipation at (or velow) 25°C Free-Air Temperature (See Note 2... . O0O3W 


Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . - . 1L2W 
Storage Temperature Range. . 2 2. 2... ww ee ew wl, . — 65°C to 200°C 
Lead Temperature % Inch from Case for 10 Seconds . . . . . . tt; - 9 2 « % (300°C 


NOTES: 1. This value applies between 0 ond 10 mA when the base-emitter diode is open-circuited. 
2. Derate linearly to 175°C free-air temperature at the rate of 2 mw /°C. 
3. Derate linearly to 175°C case temperature at the rate of 8 mw /°C. 


* JEDEC registered data 


USES CHIP N11 


ee 
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TYPE 2N4104 
N-P-N SILICON TRANSISTOR 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Collector-Base _ a 
Viniceo Breakdown Voltage 
Collector-Emitter = = 
Vimniceo Breakdown Voltage Ic = 10 mA, |, = 0, See Note 4 
Emitter-Base a 
Viwnjeso Breakdown Voltage Ie = 10 pA, Io =0 


leso Collector Cutoff Current Va= GY k=O 


h Static Forward Current 
re Transfer Ratio 


Vee Base-Emitter Voltage Vee = 5v, k= 100 pA 


le Input Impedance 
id Forward Current Transfer Ratio 
Small-Signal Common-Emitter 


bre Reverse Voltage Transfer Ratio 


h Smail-Signal Common-Emitter 
* Output Admittance 


Small-Signal Common-Emitte: 
Common-Base Open-Circuit 
Cove Qutput Cupocitance 
ce meme Vignes ewe term | + | 


*operating characteristics at 25°C free-air temperature 


Ais oe Laie ae 8! 
= 10K & 


Vee =5V, tc= 30 pA, Re = 10kf?, 
f = 100 Hz 


ee argh eos Rew [| 
f = T kz 


Va =5V, lc=Spd, Re = 50kM, 
f = 10 Kz 


NOTE 4: This paremeter must be meesured wsing pulse techniques: t, = 300 ys, duty cycle < 2%. 


* EDEC registered dete 
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TYPES 2N4123, 2N4124, A5T4123, A5ST4124 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311471, NOVEMBER 1971—REVISED MARCH 1973 


SILECTt TRANSISTORS? 
DESIGNED FOR GENERAL PURPOSE SATURATED SWITCHING 
AND AMPLIFIER APPLICATIONS 


e For Complementary Use with P-N-P Types 2N4125, 2N4126, A5T4125, and AST4126 


e Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 
Pin-Circle Configuration 
mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. This case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


2N4123, 2N4124 


0.080 (NOTE A) eeies 
0.100 7 9.090 


BASE 
gare 0.500 MN, 0.050 = 0,005. 3 Leaps 0.017 + 8002 
*ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


. Lead diameter is not controlled in this area. 
B. All dimensions are in inches. 


AST 4123, AST4124 
015 


ni oe 


» Lead diameter Is not controlled in this area, 
B. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions 
measured in the gaging plane 0.054 below the seating plane of the device relative to 
a maximum-diameter package, 
» All dimensions are in inches, 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N4123  2N4124 
A5T4123 AST4124 


Coliector-Base Voltage . . ates Osi hg Auth, GN gies Gitihe Gut ne lactamase AONE 30 v* 
Collector-Emitter Voltage (See Note 1) Be Gd GO ewe Ge ame Rae ar ve Map a ea a >) BOM" 25v* 
Emitter-Base Voltage 2 6 2. 1 5v* 5v* 
Continuous Collector Current: 2 6 ww. ey tem 200 mA —— 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) i. — ee yi 
—65°C to 150°C§ 
Storage Temperature Range 2 |. ww kk ee C to 135°C" 


Lead Temperature 1/16 inch from Case for 60 Seconds... 2 1. 1 we 230°C? 


NOTES: 1. These values apply between 10 #A and 200 mA collector current when the base-emitter diode is open-circuited. 
2. Derate the 625-mW rating linearly to 150°C free-air temperature at the rate of § mW/°C. Derate the 310-mW (JEDEC registered) 
rating linearly to 135°C free-air temperature at the rate of 2.81 mW/°C. 
“The asterisk identifies JEDEC registered data for the 2N4123 and 2N4124 only. This data sheet contains all applicable registered data in 
effect at the time of publication. 
tTrademark of Texas Instruments 
U.S. Patent No. 3,439,238 
8 texas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. USES CHIP N14 
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TYPES 2N4123, 2N4124, AST4123, AST4124 
N-P-N SILICON TRANSISTORS 


“electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


ViBR)CBO Collector-Base Breakdown Voltage Ic=10uA, Ie =90 | 40 =| 30 | 
ViBRICEO Collector-Emitter Breakdown Voltage Ic=1mA, 1g =0, SeeNote3 | 30 | 2 | 
ViBR)EBO Emiite ew Breskdown Volpe | le= 10s iow —SSSSCi dT 


2N4123 2N4124 
AS5T4123 | A5T4124 [UNIT 


icBo Collector Cutoff Current Vog=20V, Ie =0 
lego Emitter Cutoff Current Vep=3V, Icz=0 


VceE=1V, to=2mA 
hee Static Forward Current Transfer Ratio = < = See Note 3 
VcE=1V, I¢=50mA 


VBE Base-Emitter Voltage Igp=5mA, ic =50mA, See Note 3 
VCE(sat) _ Collector-Emitter Saturation Voltage Igp=5mA, Ic =50mA, See Note3 


a 
P 0.95 0.95 | 
a x) 
Small-Signal Common-E mitter =, x = 
Me Forward Current Transfer Ratio NCE SHON; tO Te: Sela | s0 200] 120 480 
[250 [300 


hee! Small-Signal Common-E mitter 
fe Forward Current Transfer Ratio 


Voe=20V, 1g=10mA, SeeNote 4 
8 ircuit 
Cobo Common- - Open-Circui Vep=5V. le =0, f= 100 kHz 
Output Capacitance 
Common-Base Open-Circuit 
C¢ Veg =0.5V, Ic = 90, f = 100 kHz 
as Input Capacitance ai . |e] for 


NOTES: 3. These parameters must be measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
4. To obtain fy, the hye! response Is extrapolated at the rate of —6 dB per octave from f = 100 MHz to the frequency at which 


hye!= 1. 


Voce =20V, I¢=10mA, f= 100 MHz 


“operating characteristics at 25°C free-air temperature 


2N4124 
A5T4124 | UNIT 


Voce =5V, I¢=100nHA, 
Rg=tk2, Noise Bandwidth = 15.7 kHz, 
See Note 5 


NOTE 5: Average noise figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency rolloff of 


6 dB/octave. 
“The asterisk identifies JEDEC registered data for the 2N4123 and 2N4124 only. 


switching characteristics at 25°C free-air temperature 


Ge TORAS Ian =tmA, Veet =—O8V| 4 
RL= 2759, See Figure 1 a es 
ex 10m, Igin=TmA, Tee cima, [aa 
a ee 


tVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. Nominal base current for delay and rise 
times Is calculated using the minimum value of Vge. Nominal base currents for storage and fall times are calculated using the maximum value 


of Vee. 


TEST CONDITIONS* 


Ri = 2752, See Figure 2 


OO Ean 
1071 
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TYPES 2N4123, 2N4124, AGT4123, AGT4124 
N-P-N SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


ty < ins 300 ns INPUT 
-0.5V 


1 
| 
OUTPUT ta f 


eds 
Cr <4 pF 
st Be 10% OUTPUT 
90% 


INPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1—DELAY AND RISE TIMES 
10 to 500 us +> 
H 1 
410.9 V-—-—-—- ; ‘ 
| | 1S Lins INPUT 
OUTPUT -9.1V ' 
ia ts “i 
i 
Cr < 4pF —_ the 
| F- 10% 
H OUTPUT 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2~STORAGE AND FALL TIMES 


NOTES: 4. The input waveforms ere supplied by a generator with the following characteristics: Zo, = 50 12, duty cycle = 2%, 
b. Waveforms are monitored on an oscilloscope with the foliowing characteristics: ty < 1 ns, Rin = 10 MM, Cin < 4 pF. 


PRINTED IN U.S.A, 1071 
TE cannet assume any responsibility for any circuits shown 
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TYPES 2N4125, 2N4126, A5T4125, AST4126 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. OL-S 7311472, JULY 1971—REVISED MARCH 1973 


ILECTt TRANSISTORS* 
FOR GENERAL PURPOSE SATURATED-SWITCHING AND AMPLIFIER APPLICATIONS 
e For Complementary Use with N-P-N Types 2N4123, 2N4124, A5T4123, and A5T4124 


© Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 
Pin-Circle Configuration 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


2N4126, 2N4126 


$2 ol. 0.800 MIN. =e 0.050 # 0.008 


NOTES: A. Lead diameter is not controlled in this area, 
8B. Ali dimensions are in inches, 


3 ueans oor? * 3-882 


“ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 
AST4126, AST4126 


@.200 0.180 
20.005 A 29.010 
Peres ae oor * pom? DIA. 


0.185 
0.005 


0.500 MIN 


Lead diarneter is not controlled in this area. 

B. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions measured 
In the gaging plane 0.054 below the seating plane of the device relative to a maximum- 
dlameter package, 

. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
2N4126 2N4126 


A5T4125 A6T4126 


Collector-Base Voltage www tee ee ee 6 =3OV" -25 V0" 
Collector-Emitter Voltage (See Note 1) .....2.. Sy Oke, Miwiity Ace Le. 6 80V"*) = -26V* 
Emitter-Base Voltage 6 6k . <4V" -4v* 
Continuous Collector. Current. 2 6 2 6 ee Baal Pay kes ie ay eelbev een Bete tht, AT <—-—200 mA*——» 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) pd uid 
85°C to et 
Storage Temperature Range 6 ww eat to 136°C" 
Lead Temperature 1/16 Inch from Case for GEOSeconds 6 we es —230°C*—_> 


NOTES: 1. These values apply between 10 ZA and 200 mA collector current when the base-emitter diode Is open-circuited. 
2. Derate the 625-mW rating IInearly to 160°C free-air temperature at the rate of 5 mw/C. Derate the 310-mW (JEDEC registered) 
rating linearly to 136°C free-air temperature at the rate of 2.81 mw/c. 
*The asterisk identifies JEDEC registered data for the 2N4126 and 2N4126 only. This data sheet contains al! appticable registered data in 
effect at the time of publication. 
t Trademark of Texas Instruments, 
£U,S, Patent No. 3,430,238, 


§ texas instruments guarantees these values in addition to the JEDEC registered values which are aiso shown. USES CHIP P15 
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TYPES 2N4125, 2N4126, A5T4125, A574126 
P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


PARAMETER 


ig==T00R,_ig=0 
ige- mA, Ig=0, ~~ SeoNow3 
ig =10HA, I= 
Veg -20V, 1 =0 
[ego Emitter Cutoff Current | Vep==3V, Ig=0_ J 


h Static Forward Current Transfer Ratio — VCE@nTV, Ig= 260 mA 


FE 
VBE Base-Emitter Voltage !g=-5mA, I¢=—-50mA, See Note 3 
fe 


TEST CONDITIONS 


VCElsat) _Collector-Emitter Saturation Voltage Ip=-5mA, Ic¢=~50mA, See Note 3 


II-Signal C -E mitt 
h Smail-Signal Common-E mitter VcE=—10V, I¢=-2mA, f= 1kHz 
Forward Current Transfer Ratio 
Smail-Signal Common-Emitter 
hfe! Voce =-20V, I¢=—10mA, f= 100 MH 
fe Forward Current Transfer Ratio ce pe ; 


fr iti VcE =—20V, Ic=—10mA, See Note 4 


Transition Frequency 


Common-Base Open-Circuit 
C Vcp=-5V, Ig =0, f = 100 kH 
OP? __ Output Capacitance 
Cc n-Base Open-Circuit 
ibe © esl Veg =-0.5V, Ic =0, f = 100 kHz 
Input Capacitance 


NOTES: 3. These parameters must be measured using pulse techniques. tw = 300 us, duty cycle < 2%. 
4. To obtain f+, the el response is extrpolated at the rate of —6 dB per octave from f = 100 MHz to the frequency at which 


hte lea, 
*operating characteristics at 25°C free-air temperature 

2N4126 2N4126 
Ec 


NOTE 5: Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz anda high-frequency rolloff of 6 
dB/octave. 
“The asterisk identifies JEDEC registered data for the 2N4125 and 2N4126 only. 


PARAMETER TEST CONDITIONS 


Voce *-5V, Ic =—100KA, 
Rg = 1kQ, Noise Bandwidth = 15.7 kHz, 
See Note 5 


NF Average Noise Figure 


switching characteristics at 25°C free-air temperature 


[ _____PaRameren [Tes CONDITIONS? ——_. we oa 
Ig= 10 mA, tg) = —1mA, Vesela =O8V, | 13 oe 
RL=275.0, _ See Figure 1 ee ae 
IG =—10mA,Ig(a) = TMA, Iga) = TMA, 80 
[ig Fall time 7) = 275.0, S00 Figure 2 ee] 


t Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. Nominal base current for delay and rise 
times is calculated using the minimum value of Vee. Nominal base currents for storage and fall times are calculated using the maximum value 
of Vee. 


SS a esas 
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TYPES 2N4125, 2N4126, AST4125, A5T4126 
P-N-P SILICON TRANSISTORS 


mene 


PARAMETER MEASUREMENT INFORMATION 


t 
OUTPUT H 
—o! yy ar 
’ 
10k2 ‘ sai oes 
INPUT thes H 
ae Cy < 4 pF | 790% 
H t OUTPUT 
tt ae 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1—DELAY AND RISE TIMES 


INPUT 
i 
' 
90% \ OUTPUT 
' 
10% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2—STORAGE ANDO FALL TIMES 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Zgy, = 50 $2, duty cycle = 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: ty < 1s, Rin = 10 M82, Cig < 4 pF. 


a NG a SO 
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TYPES 2N2432, 2N2432A, 2N4138 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 689079, OCTOBER 1966—REVISED JANUARY 1968 


FOR LOW-LEVEL, HIGH-SPEED CHOPPER APPLICATIONS IN INVERTED CONNECTION 


© Low Offset Voltage...0.4 mV Max (2N2432A) 
e Low lecge202 nA Max 
e High Rated Vico for Inverted Connection 


ALSO USEFUL FOR LOW-LEVEL AMPLIFIER APPLICATIONS 
e hge--. 30 Min at 10,A 


*mechanical data 


THE COLLECTOR IS IN’ ELECTRICAL CONTACT WITH THE CASE 


2N2432 AND 2N2432A 
ALL JEDEC T0-18 DIMENSIONS ALL JEDEC T0-46 DIMENSIONS 
AND WOTES ARE APPLICABLE, AND NOTES ARE APPLICABLE. 


ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 


TTI guaranteed minimum. The JEDEC registered minimum tead diemeter fer the T0-46 is 0.012, 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N2432 2N2432A 

2N4138 
Collector-Base Voltage 2. 2 2 2. 1 1 wk et wt ee 30V 45V 
Collector-Emitter Voltage (See Note 1)... ..... i. 2 6». WV 45V 
Emitter-Collector Voltage (See Note 2)... ...2.2.24~. + » « » 15V 1E8yV 
Emitter-Base Voltage . 2. 2. 2 2... ww wee ee » + « . ISV 18Y 
Continuous Collector Current . . + 8 oe 100 mA —>- 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) <—300 mw —> 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 4) -~<—600 mw —- 
Storage Temperature Range. . 2 2... ew ee kw we oO 5C to 200°C 

Lead Temperature % Inch from Case for 10 Seconds. . . . . . . 1, <— 300°C —> 


WOTES: 1. This volue appiles between 0 and 10 mA collector current when the emitter-base diode is open-circuited. 
2. This valve applies between 0 and 300 BA emitter current when the cotlector-base diode is epen-circeited. 
4. Derate linearly to 175°C free-air temperature at the rate of 2 mW /deg. 
4, Dorate linearly to 175°C case temperature at the rate of 4 mW /deg. 


*Indicates JEDEC registered date. 


USES CHIP N18 
ee ee 
168 
324 TEXAS INSTRUMENTS 
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TYPES 2N2432, 2N2432A, 2N4138 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


Ices Collector Cutoff Current 


leso Emitter Cutoff Current 


lecs Emitter Cutoff Current 


heer Static Forward Current Transfer Ratio 
Felinv) (Inverted Connection) 
Voejsat) _Collector-Emitter Saturation Voltage 
See Figure 1 


Vectots) Offset Voltage {Inverted Connection) =ImA = See Figure 1 


Small-Signal Emitter-Collector =Im, = lL. = 100 pA, 
On-State Resistance See Figure 2 
Small-Signal Common-Emitter _ 

Forward Current Transfer Ratio f= 20 Miz 
Common-Base Open-Circuit 
Output Copacitance 


z 


=) 
=< 


f = 140 kz 


= f = 1 MHz, 
Cob Collector-Base Capecitance See Note 6 


Gee Toe pa ies = c= 0, f= M40 KHz 
f = 1 MHz, 


Gp Emitter-Base Capacitance = See Note 6 


s[=lsis] [> 


WOTES: 5. This parameter must be measured using pulse techniques. tp = 300 us, duty cycle S 2%. 
6 Cop end C.,, are measured using three-terminal measurement techniques with the third electrode (emitter or collector respectively) guarded. 


PARAMETER MEASUREMENT INFORMATION 


See |, = 100 pA 
nets f= 1 kHz 
a 
oe 
feclon) aii Fad 
FIGURE 1 FIGURE 2 
MENT Cl I R EM - 
MEASUREMENT CIRCUIT FOR OFFSET VOLTAGE Me TECTOR, ON-GTATE RUSIGTRHICE” 
WOTE @: The voltmeter must have high enough impedance that halving the valve of the volimeter impedance does not change the measured value. 
Indicates JEDEC registered date. 
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TYPES 2N4220, 2N4221, 2N4222, 2N4220A, 2N4221A, 2N4222A 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. DL-S 7011340, JULY 1970 


N-CHANNEL FIELD-EFFECT TRANSISTORS 

e Designed for General Purpose Amplifier and 
Switching Applications 

e Low Igss... 100 pA Max 

e Low Input Capacitance . . . 6 pF Max 

e@ High ly¢s!/Ciss Ratio 


*mechanical data 


THE ACTIVE ELEMENTS ARE 
ELECTRICALLY INSULATED 


4 pr dk FROM THE CASE 


ALL DIMENSIONS ARE IN 
INCHES UNLESS OTHERWISE 


0.019 
4 ee 
LEADS O16 DIA 


aN}. 4 9OURCE ALL JEDEC TO-72 DIMENSIONS 


AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage 2. 2. 2. 1. ee ee ee ee ee 6 8OV 
Drain-Source Voltage . 2 1 1. 1 we ee ee ee ee es BV 
Reverse Gate-Source Voltage 2. 2. 2. 2 1 1 we ee ee ee ee) 6 8OV 
Continuous Forward Gate Current 2 2 0 6 1 6 ee ee ee ee ee ee ee 6 TOMA 
Continuous Drain Current . . . . wee ee ew ew ee) 6TBMA 
Continuous Device Dissipation at (or below) 25° c — Air Taniosrature (See Note 1) woe ee ee ee « 300 mW 
Storage Temperature Range . . Ce ee eee ee ee 65°C to 200°C 
Lead Temperature 1/16 Inch from Cus for 10 Seconds toa ge ioe tate, 6 oes dee at fect det APY £30056 


NOTE 1: Derate finearly to 175°C free-air temperature at the rate of 2 mw/c. 
*JEDEC registered data, This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPES 2N4220, 2N4221, 2N4222, 2N4220A, 2N4221A, 2N4222A 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


2N4220 2N4222 
PARAMETER TEST CONDITIONStT 2N4220A 2N4222A_ =| UNIT 


VianiGss_GuieGouree Breakdown Valowe [1q=10HAVos=0|-a0" [=o [aor |v 
V6s *-18V, Vpsg=0 


less Gate Reverse Current Vos =—-18V, Vos = 0, 
Ta = 150°C 
Ves GateSource Voltage 


Vos=16V, Ip =500yA 


; Vos = 15 V, VGS 0, 
\pss Zero-Gate-Voltage Drain Current 


Smatl-Signat Common-Source 

Forward Transfer Admittance Vos =15V, Ves =0, 
Yoel Smatl-Signal Common-Source f= 1 kHz, See Note 2 
Yos Output Admittance 


c Common-Source Short-Circuit 
Input Capacitance Vos*15V, VeEs=9, 


iss 
Cc Common-Source Short-Circuit f=1MHz 

rss Reverse Transfer Capacitance 
Small-Signal Common-Source Vos *15V, Ves 9, 
Forward Transfer Admittance f= 100 MHz 


ves 


Ives! 


Operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONSt 


NE Common-Source aca Vass oeetn as hasdann 
Spot Noise Figure DS = »V6s = 0, f= z,Rg = 


NOTE 2: These parameters must be measured using pulse techniques. ty= 100 ms, duty cycle < 10%. 

tThe fourth lead (case) is connected to the source for all measurements. 

*JEDEC registered data 

Stexas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. 
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TYPES 2N4223, 2N4224 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. DL-S 7311380, JULY 1970—REVISED MARCH 1973 


FOR VHF AMPLIFIER AND MIXER APPLICATIONS 


e LowC,,,. . . 2pF Max 


High ly¢,!/C;,, Ratio (High-Frequency Figure-of-Merit) 


Cross Modulation Minimized by Square-Law Transfer Characteristic 
Low Noise Figure . . . 5dB Max at 200 MHz 


*mechanical data 


THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 


0.019 
4 LEADS ——— Toe DIA 


ALL DIMENSIONS ARE IN 
INCHES UNLESS OTHER- 
WISE SPECIFIED 


0.500 
MIN 2 —SOURCE 
1— DRAIN 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage . 

Drain-Source Voltage 

Reverse Gate-Source Voltage . 

Continuous Drain Current . pach da «Ca tos BIO? oh) ree ‘ at 
Continuous Forward Gate Current. . . wrest 
Continuous Device Dissipation at (or below) 26° °C Free-Alr Temperature (See Note 1). 

Storage Temperature Range . 3 

Lead Temperature 1/16 Inch from Cate for 10 Seconds a 


NOTE 1: Derate linearly to 175°C free-air temperature at the rate of 2 mW/C, 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


30V 
. 80V 
. -30V 
. 20mA 
» 10mA 
300 mW 


—65°C to 200°C 


. 300°C 


USES CHIP JN5S1 
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TYPES 2N4223, 2N4224 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


[2naaz3_ | 2Naz24 | 
PARAMETER TEST CONDITIONSt CECT UNIT 
Vipnjass _GateSource Breakdown Voltege | Ig=—10uA, Vog=0 ee 
| Vgg=—20V, Vpg-0 SS s—S—C~dYSC 2B OBL A 
\ R Cc na 
Vps=18V, Ip =0.25nA 1.2, 8] 
-S Cc v Vv 
SOR Ae Nps, ipsoene aoe 
Vps218V,  !p#0.3mA rt -7[, si 
jt v z 
Vos ceaboisiilaabess Vpg=18V, p= 0.2mA ae ee 
Ipss Zero-Gate-Voltage Drain Current | Vps716V, Vag" 0, SeeNote2 { 3 18{ 2 20] mA | 
iy Small-Signal Common-Source Vps*16V, Vgsg=9, f= 1 kHz, 4 ¥ a: 46 raha 
fs Forward Transfer Admittance See Note 2 = 
Common-Source Short-Circuit 
Ciss in 
put Capacitance 


Vos" 18V, V@g*0, f= 1 MHz 


c Common-Source Short-Circuit 
Reverse Transfer Capacitance 


rss 
: Smali-Signal Common-Source 
Sis Input Conductance 


veel Small-Signat Common-Source Vos" 16V, Ves=9, f= 200 MHz, 

fs Forward Transfer Admittance See Note 2 4 
Smail-Signal Common-Source 

Gos 


Output Conductance 


*operating characteristics at 25°C free-air temperature 


Spot Noise Figure Rg'=1k2, See Figure 1 
7 ‘Smalt-Signal Common-Source Vos" 18V, Ves=0, f = 200 MHz, fo | | 
ps Insertion Power Gain See Figure 1 
NOTE 2: These parameters must be measured using pulse techniques. ty < 630 ms, duty cycle © 10%. 


tthe fourth lead (case) is connected to the source for al! measurements. 
*JEDEC registered data 


PARAMETER MEASUREMENT INFORMATION 


; 2.8 pF 
4.7 0F € To 50.0 
FROM 80:2 DETECTOR 
SOURCE 
COIL INFORMATION: 
0,47 pH 
Li: 11/2 T, #20 tinned wire, 1/4” 1D, 3/8” length e 
L2: 31/2 T, #18 tinned wire, 3/8” ID, 1/2" length 
tapped at 1 1/4 T from drain, 
O 16V 
FIGURE 1—NOISE FIGURE AND POWER GAIN TEST CIRCUIT 
NOTE 3: Transformed equivalent source resistance (Rg) Is 1k at 200 MHz, 
PRINTED IN U.S.A, 
Ti cannot assume any responsibility for any circuits shown 
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TYPES A5T4248, AS74249, A5T4250 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311972, MARCH 1973 


SILECTTt TRANSISTORS 
FOR LOW-LEVEL, LOW-NOISE AMPLIFIER APPLICATIONS 


e@ hfe Guaranteed at 100 pA 

e Low Noise Figure . . . 2 dB Max (A5T4250) 

e Plug-In Replacements for 2N4248, 2N4249, 2N4250 (TO-106) 
mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case wil! withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


+0.002 


0. 
1L_ 
0.017 ~0.001 DIA. 
=a | mie 
0.500 MIN . 


3—COLLECTOR 


. Lead diameter is net controtled in this area. 

. Leads hoving maximum diameter (0.039) shall be within 0.007 of thelr true positions 
measured in the gaging plane 0.054 below the seating plane of the device relative to 
& maximum-diameter package. 

- All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


A5T4248 
A5T4250 AST4249 
Collector-Base Voltage . . . Suuge UbeMezette Sanaa atl ads ee Site tay a ae ee -—40V -—60V 
Collector-Emitter Voltage (See Note 1) Pee EE a ee ee ke —40V —60 V 
Emitter-Base Voltage . . Srey in et R vials GOS eh Hew eae Sibe HH aee Cen ahi eae A eae SS -5V —-5V 
Continuous Collector Current occ ie Se gta ie oe Ee Oe & oe he ESS a —100 mMA——»> 
Continuous Device Dissipation at (or batow! 25° c 
Free-Air Temperature (See Note 2) . 2 6 6 6 ee ee ee ee ee ee ee 625 MW —— 
Storage Temperature Range... . 2... 2.2 ee: Se ee ee ee OR = BEPC to 150°C—> 
Lead Temperature 1/16 Inch from Cass for 10 Seconds Ce ee OH 260°C —— 
NOTES: 1. Thase values apply when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 5 mW/°C. 
T Srademark of Texas Instruments 
FU.S. Patent No. 3,439,238 USES CHIP P18 
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TYPES A5T4248, A5T4249, AST4250 
P-N-P SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS ABTS246 Sree ricer UNIT 
. I¢=—-5mA, Ip =0, 
v Collector-Emitter Breakdown Volt ~40 
{BR)CEO ollector- itter Greakadown age See Note 3 


PY h 
8 
pee ee ae 


8 


8 


b 
S 


VceE=7-5V, to=—100 KA 
VoceE=-5V, ico=-imA 
Vce=-5V, Ic =—-10mA, 


Static Forward Current Transfer Ratio 


8 
3 


See Note 3 
tgp=-0.5mA, I¢=—10mA, 
Vv Base-Emitter Volta 
See Note 3 
‘ ' Ig =—0.5mA, Io =~-10mA, 
Vceisat)  Collector-Emitter Saturation Voltage See Note 3 


Small-Signal Common-Emitter 


a 
= 
N 


hi 
te Input Impedance 
Smal!-Signal Common-Emitter 


h 
Forward Current Transfer Ratio Vce=-5V, Io=—-1mA, 


fe 

h Smali-Signal Common-Emitter f=1kHz 
i Reverse Voltage Transfer Ratio 

Roe 


g 
8 
8 
E 


Smatl-Signal Common-Emitter 
Output Admittance 


Ihre! Small-Signal Common-Emitter 
Forward Current Transfer Ratio f= 20 MHz 
c Common-Base Open-Circuit Vep=-5V., le=9, 
‘obo Output Capacitance f= 1 MHz 
: Common-Base Open-Circuit Veg = -O.5V, Ic =0, 
Input Capacitance f=1MHz 


Er 
3 
> 
3 


A5T4248 AS5ST4249 A5T4250 


Spot Noise Figure 


Vce=-8V, Ico =—-20uA, 
Rg = 10k2, 

Noise Bandwidth = 15.7 kHz, 
See Note 4 


Average Noise Figure 


UNIT 


NOTES: 3. These parameters must be measured using pulse techniques. ty = 300 us, duty cycle < 2%. : 
4. Average Noise Figure is measured in an amplifier with response down 3.08 at 10 Hz and 10 kHz and a high-frequency roll-off of 


6 dB/octave. 
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TYPES 2N4252, 2N4253 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 668575, APRIL 1966 


4-332 


*mechanical data 


HIGH-FREQUENCY TRANSISTORS FOR 
TUNER AND IF-AMPLIFIER STAGES 


IN FM AND AM/FM 
STEREO-MULTIPLEX RECEIVERS 


3- COLLECTOR 


THE ACTIVE ELEMENTS ARE 
ELECTRICALLY INSULATED FROM 
act omensions JHE CASE 


ALL JEDEC 10-72 DIMENSIONS 
AND MOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . 


oe eo 8 6 © 6 8 we 


Collector-Emitter Voltage (See Note 1). Minceer we! “a vag! eat me 


Emitter-Base Voltage... . . 
Continuous Collector Current 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) : ‘ 


Storage Temperature Range . 


Ce 


oe rr 


Lead Temperature %s Inch from Case for 10 ‘Seconds . ei er AE 


200 mW 
65°C to 200°C 
300°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


Vieryceo Collector-Base Breakdown Voltage 


lo = 10 pA, kk = 0 


Vieceo Collector-Emitter Breakdown Voltage 


Ic = 2m, ts = 0, 


See Note 3 


Vierjes0 Emitter-Base Breakdown Voltage 


is = 10 pA, 


leso Collector Cutoff Current 


Vox = 15, 


Von = 15V, 


hee Static Forward Current Transfer Ratio 


ce = 10 V, 


Small-Signal Common-Emitter 
Forward Current Transfer Ratio 


Voce = 10V, i¢ = 2mA, 


= 100 MHz 


Collector-Base Capacitance 


Vos = ti] V, le =. 0, 


f=) Miz, 
See Note 4 


Parallel-Equivalent Common-Emitter 
Short-Circult Output Resistance 


= 109, 


Io = 2m, 


f = 10 Miz 


WOTES: 1. 


Collector-Base Time Constant 


->wn 


Vos =10 Vv, 


This value applies when base-emitter diede is open-circuited. 

. Derate linearly to 175°C free-air temperature at the rate of 1.33 mW/°C, 
. These parameters must be measured using pulse techniques. 'b = 300 ps, duty cycle < 2%. 

Collector-Base Capacitance is measured wsing three-terminal measurement techniques with the case and emitter guarded. 


*JEDEC registered deta 


TEXAS, INSTRUM ENTS 


NCORPORA 
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lz = —2 mA, f = 79.8 MHz 


USES CHIP N16 
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TYPES 2N4260, 2N4261 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311933, JUNE 1973 


DESIGNED FOR VHF AND UHF AMPLIFIER APPLICATIONS 


e High fy... 2 GHz Min (2N4261) 
@ ow Capacitances ...2.5 pF Max Cech and Ceb 
e Calculated fmaxt ... 1.27 GHz Min (2N4261) 


*mechanical data 


THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 


4 Leaps 9.972 DIA 


0.030 3— COLLECTOR 
MAX 
4— CASE ALL DIMENSIONS 
ARE IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


1~— EMITTER 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . a Be ee AR Che die esc. ane shy ta ae bs, Sek. beh se ek) VET 
Collector-Emitter Voltage (See Note 1) See Has Ah a ae apa eG! Sv arn mo oe Dee! SI 
Emitter-Base Voltage. 1 1 6 we ee ee ee. 6 ABV 
Continuous Collector Current . . . a ai, at hae Ce ae —30 mA 
Continuous Device Dissipation at (or balou) 25° c Free: Air Tenparatine (See Neots 2) woe ee ew ee » 200 mW 
Storage Temperature Range. . ot poe ue ee a ie, 66°C 'to'200°C 
Lead Temperature 1/16 Inch from Case det 10 Seconds oleatds We lee Rhea As wont th ee Ree EG oe 290°C 


NOTES: 1. This value applies between 0 and 30 mA collector current when the base-emitter diode is open-circuited. 
2. Derate tinearly to 200°C free-air temperature at the rate of 1.14 mw/’c. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


tMaximum Frequency of Oscillation may be calculated from the equation: fmmax (MHz) = 200 <: ipa 
"bh GciPS 
USES CHIP P27 
TEXAS INSTRUMENTS 4-333 
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TYPES 2N4260, 2N4261 
P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


2N4261 
PARAMETER TEST CONDITIONS 


UNIT 


| MIN MAX | MIN MAX 

Vipryceo Collector Emitter Breakdown Voltage |ic=—10mA,Ip= 0, SeeNows |—16  [-15 | 
V(BRIEBO Emitter. Bare Breakdown Voltage “45 

Icev ———Colllector Cutoff Current [Vce=-5V, Vpe=o4v | 50 | 80 | 

Vee=-10V, Vpe=2V.  Ta=1sorc | -5 | -5 | 

Base Cutoff Current VcE=—-10V, Vpe=2V a a 

Voce ==1V, le=—1mA a 


hee Static Forward Current Transfer Ratio | Voce =-1V,  Ic=-10mA 


VcE=~2V, Ic = ~30mA 


See Note 3 


; ' 
VcE{sat) Collector-Emitter Saturation Voltage Ipc ima, i¢=—10 mA, See Note 3 
Small-Signal Common-E mitter Vce=-4V, Ic=—SmA,_ f= 100 MHz 
Piel Forward Current Transfer Ratio Voce *=-10V, I¢=—i0mA, = 100 MHz 


Voe=-4V,  Ic=—-SmA 
fy Transition Frequency See Note 4 
VcoE=—10V, Ic =—10mA 
Veg=—4V, le =0, 
Coltector-Base Capacita 
f = 100 kHz to 1 MHz, See Note 5 
; Veg=-O.5V, Ic=0, 
Emitter-B ita 
f= 100 kHz to 1 MHz, See Note 5 


Voce =-4V, Ic=—-5mA, f= 31.8MHz 


: Collector-Base Time Constant 
"b'Ce eee Vcp=—10V, ig=—10mA, 1=31.8 MHz 


NOTES: 3. These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
4, To obtain f+, the [h¢g| response is extrapolated at the rate of —6 dB per octave from f = 100 MHz to the frequency at which 
Pte|= 1. 
5. Cop and Cap measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or collector, respectively) and the case are connected to the guard terminal of the bridge. 
*JEDEC registered data 
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TYPES A5T4260, A5T4261 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311961, MARCH 1973 


SILECTT TRANSISTORS} 
DESIGNED FOR VHF AND UHF AMPLIFIER APPLICATIONS 


e High fT ...2 GHz Min (A5T4261) 
@ Low Capacitances ...2.5 pF Max Ceb and Ceh 
e Calculated fmax§ . . . 1.27 GHz Min (A5T4261) 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


+0.002 
0.017 0.001 BIA. 


2 LEADS 


O.500 ay 2. COLLECTOR 


NOTES: A. Lead diameter is not controlied in this area. 

B. Leads having maximum diameter (0.019) shail be within 0.007 of their true 
positions measured in the gaging piane 0.054 below the seating plane of the 
device relative to a maximum-diameter package. 

. Ail dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . Pn eek NGs We chk Morsicky Whee era ead, M bein reels eee re.) “Sl Ow 
Collector-Emitter Voltage (See Note 1) ok Oe Me ae SO, Gites Ge Sale Goel an eink ae LETS 
Emitter-Base Voltage 2 6. 1 1 Ww ee eee eee 64 
Continuous Collector Current . . . oy, ae tee whites —30 mA 
Continuous Device Dissipation at (or below) 25° c Free-Air Temperatirs (See Note 2) wee ee ew ee OO mW 
Storage Temperature Range... Ce ee ee ee ee ee) = B5°C to 150°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds soi ofa) dogs Bh Beate Bw Peon BO aw cab ee Ce AEDES 


NOTES: 1. This value appiies between 0 and 30 mA collector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C-free-air temperature at the rate of 4 mw/°C. 
ttrademark of Texas Instruments 


tu.s. Patent No. 3,439,238 f7 (MHz) 
8 Maximum Frequency of Oscillation may be calculated from the equation: fmax (MHz) = 200 "ile leal” : 
'p'Ce(ps) 


USES CHIP P27 
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TYPES A&T4260, A5T4261 
P-N-P SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


neTa261 
PARAMETER TEST CONDITIONS ae ase ASTER uni | 


BR Cotlector-Base Breakdown Voitege LE ee ee 


BR Collector-Emitter Breakdown Voltage rs =-10mA, Ig SeeNote3 {| -16 [=-16 ff Vv | 
BR)EBO Emitter-Base Breakdown Voltage = —10 uA, a “ 7 OEE 2 ae 
Ta1OV, Veg 2V Beers Sea 


Vog==10V, Vpe~2V, Ta-eee | 200] 200] 
BEV Save Cutoff Gurrent Vee ==10V, Vee" 2V Ts, si a] 
s-1V,_tge ima | 26 | 
=-1V, =—10mA | 30 160 | 30 150 | 

Note 3 

= 72V, " soso 
Vees=1¥, Ig=—1ma p08 | 0.8 | 

Vv Base-Emitter Volt Vv 
a ee ee Vogs=1V, Ig=-10mA, SeeNote3 | -t | -1| 
Ip=—O.1mA, Ig=—1mA [| =0.18 | 0.15 | 

7 Coltactor-Emitt i . Vv 
CE (sat) ‘olector-Emitter Saturation Voltage eet AL Ic==10mA, See Note 3 | -0.a8 | -0.36 | 
tel Small-Signal Common-Emitter Voe=-4V, Io=-5 mA, f= 100 MHz | 12. { 16 | 
is Forward Current Transfer Ratio Cee =-10V, I¢=-10mA, f= 100 MHz Eo eee 


[Vce=-4V, Ic=-5mA_| rae eee 
Transition Frequency See Note 4 
Voe=-10V,  I¢=-10mA a ae 
Vep™-4V, le 0, f= 1 MHz, 
Collector-Base Capacitance See Note 5. 
Emitter-Base Capacit 
See Note 5 


Vog=-4V, iga-5mA, faaiamne| a6 | 60 | 
aes 
chi amar at aia Voe=-10V,_ic=-10ma, f=91eMhe] 30] 80) 


lcEV Collector Cutoff Current 


hee Static Forward Current Transfer Ratio 


NOTES: 3, These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle & 2%. 
4, To obtain fz, the |h¢g| response is extrapolated at the rate of —6 dB per octave from f = 100 MHz to the frequency at which 
Ite| = 1. 
5. Cep and Cap Measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or collector, respectively) is connected to the guard terminal of the bridge. 
*JE DEC registered data 
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TYPES 2N4391 THRU 2N4393 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. OL-S 7311912, MARCH 1973 


SYMMETRICAL N-CHANNEL FIELD-EFFECT TRANSISTORS 
FOR HIGH-SPEED COMMUTATOR AND CHOPPER APPLICATIONS 


© Low Ip(off) .. 0.25 nA Max 
@ Lowrds(on) Ciss Product 
*mechanical data 


THE GATE 1S IN ELECTRICAL CONTACT WITH THE CASE 


3 LEADS ary DIA 


ALL DIMENSIONS ARE 
1N_ INCHES 
UNLESS OTHERWISE 
SPECIFIED 


ALL JEDEC TO-18 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage 2 6 6. we 40V 
Drain-Source Voltage 6 6 wk we 40 V 
Reverse Gate-Source Voltage 6 ww we ee ee -40V 
Continuous Forward Gate Current 2 1. 1 6 2 ee ee 50 mA 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note1). . 2... .- eee 1.8W 
Storage Temperature Range . 2. 6 1 we —65°C to 200°C 


Lead Temperature 1/16 Inch from Case for GO Seconds . 2 2 6 6 ee te es 300°C 


NOTE 1: Derate linearly to 200°C case temperrature at the rate of 10.3 mw/c. 
* JE DEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


USES CHIP JN52 
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TYPES 2N4391 THRU 2N4393 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 
Gate-Source Breakdown Voltage 


Vierioss le =—l uA, Vos = 0 —40 


| 2N4391 | 2N4392 | 2N4393 | 
TEST CONDITIONS [MIN MAX [MIN MAX| MIN MAX| 


Gate-Source Forward Voltage le = 1mA, Vps = 0 

Ves = ~20V, Vos = 0 

Yes = ~20V, Vos = 0, Ty = 150°C 
Vos = 20V, Ves = —12V 

Vos = 20V, Ves =-7V 

Vos = 20 Vy, Ves =-5V 


Vose 


less Gate Reverse Current 


4 


Drain Cutoff Current 


lojorn 


Vos = 20 Vv, Ves =-12 V, Ta = 150°C 
Yos = 204, Ves =—7V, Ta = 150°C 
Yos = 20V, Ves =—SV, Ta = 150°C 
Vos = 20V, lp = 1 nA 

Vos = 20 Vy, Ves = 0, See Note 2 
Ves = 0, lb = 12 mA 
Ves = 0, lo = 6mA 
Ves = 0, lp = 3mA 


Vestory _ Gate-Source Cutotf Voltage 


loss Zero-Gate-Voltage Drain Current 


Drain-Source 
Vostert On. State Voltage 


Static Drain-Souri 
Toston} etal Raslshonce Yes = 0, Ib = TmA 
Small-Signal Drain-Source 
On-State Resistance 
Common-Source Short-Circuit 
Input Capacitance 


Ves = 0, lp = 0, f=] kiz 
Yps = 20V, Ves = 0, f = 1 MHz, 

See Note 3 
=-12V, f = 1 MHz 
=-+7V, f= 1Miz 
Yos = 0, Ves = —5V, f = 1 MHz 


Fets(on} 


G ss 


c Common-Source Short-Circuit 
rs Reverse Transfer Capacitance 


Re 
L & 


E 
: bibl 


4 
zleI 


|= [ejefe] = bel 


* switching characteristics at 25°C free-air temperature 


2N4391 


PARAMETER TEST CONDITIONS TYP _MAX|TYP_ MAX|TYP MA 


= 


Turn-Oft Time See Figure 1, 


na 
Rise Time Yoo = 10Y 12 mA (2N4391) 
sad * — Iptont = 4 6 mA (2N4392) 
Turn-On Time , ae 3 mA (2N4393)| 5.5 15 E 
io Sion ton =| ae 
aa pas 


5 V (2N4393) 


NOTES: 2, This parameter must be measured with bias voltages applied for less than 5 seconds to avoid overheating. 
3. This porometer must be measured using pulse techniques. ty = 100 us, duty cycle <S1%,. 


T These are nominal values; exact values vary slightly with transistor parameters. 
* JEDEC registered data. 
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TYPES 2N4391 THRU 2N4393 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 
PARAMETER MEASUREMENT INFORMATION 


TEKTRONIX 
109 


§12 


TEKTRONIX 567 


TEST CIRCUIT 


t <0.5ns 


te <0.5ns 
O=- 


| fx rvel INPUT 
VGS(off) ‘ 


pion! Pitot je 
td(on)-oF fal—— taorf 

ty Ot pe Dy bet 

10% RI = | 10% OUTPUT 
90% 


90% 


(See Note a) 


VOLTAGE WAVEFORMS 


NOTE a: An equivalent generator and oscilloscope may be used. The oscilloscope must have a 50-2 input impedance. 


FIGURE 1 


Ce 
'3 PRINTED IN U.S.A. 

TI cannot essume any responsibility for any circuits shown 

or represent that they ore free from patent infringement. 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
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TYPES 2N4402, 2N4403, A5T4402, AST4403 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. OL-S 7311973, MARCH 1973 


SILECTT TRANSISTORS} 
e For Low-Level, Small-Signal, General Purpose Amplifier and Switching Applications 
e@ Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 
Pin-Circle Configuration 
mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


2N4402, 2N4403 


= 0.160 +0095 
+0.005 
.100 * 5 620 0.100 + 0.008 


COKECTOR 
BASE 
EMITTER 

0.050 = 0.005. 3 1£ADS 0.017 * gga? 


NOTES: A. Lead diameter is not controlied in this area. 
8. All dimensions are in inches. 


*ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


A5ST4402, AST4403 


0.050 TP. 


0.190 TP. 


woes _ as 
J 


nies 00: MIN =n 
0.005 be 


NOTES: A. Lead diameter is not controlled in this area. 

B. Leads having maximum diameter (0.019) shail be within 0.007 of their true positions measured 
in the gaging plane 0.054 below the seating plane of the device relative to a maximum- 
diameter package. 

C. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage. . 5 de Lae Aah ps a ees gd Gee a ars lay ee Ge SMe: Acie aed SOME 
Collector-Emitter Voltage (See Note 4) Db te abl eo eee ahs os Pe ES, een BK Ee a aye SAOVE 
Emitter-Base Voltage . . ge chd Jack von cao lohs toe See kes Feo ok AY epee th ea Sue ee Be ae ee ae, CRON 
Continuous Collector Current PB hag Fy ie Bas 1 6k PED Nae * Ge OGG oahu DP. Le GR Ree eh te! Se —600 mA* 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) . .... . eae ron 
oO oO 

Storage Temperature Range ed htt ea Nah ae Rae” Be ee eg, i de 4 A ce 

260°C§ 
Lead Temperature 1/16 Inch from Case for 10 Seconds ....... 1. ee ee ee 230°C* 


NOTES: 1. This value applies between 0 and 50 mA when the base-emitter diode is open-circuited. 
2. Derate the 625-mW rating linearly to 150°C free-air temperature at the rate of 5 mW/°C. Derate the 310-mW (JEDEC registered) 
rating linearly to 135°C free-air temperature at the rate of 2.82 mW/°C. 
*The asterisk identifies JEDEC registered data for the 2N4&402 and 2N4403 only. This data sheet contains all applicable registered data in 
effect at the time of publication. 
T Trademark of Texas Instruments 
tU.s. Patent No. 3,439,238 
Texas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. 


USES CHIP P20 
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TYPES 2N4402, 2N4403, A5T4402, A5ST4403 
P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


PARAMETER 


2N4402 2N4403 
TEST CONDITIONS AST4402 A5T4403 | UNIT 


V(BR)CBO Collector-Base Breakdown Voltage Ic =—100 uA, Ie =0 | -40 
ViBRICEO Collector-Emitter Breakdown Voltage [Ic =—1mA, 1g =0, See Note 3 
i] = 


=— 
Ticey Collector GutoffCurrent___———«dWGE==35V, Vee=O4V | 100] —— 100 
eey Bowe Cutoff Current————~—«dce==38V, Vee=O4V | 100] ——_—~100) 
Woe==1V, io==100WA ST 

| 100 

[100 369] 

= 


VcE=~1V, I¢=—-1MA 


Vee -tV,_tc=—10mA | od 
VcE=-2V, I¢=—150mA|SeeNote3 [| 50 150] 


hee Static Forward Current Transfer Ratio 


VceE*=-2V, Ic =—500mA 


ig=—-15mA, Ico =—150mA —0.75 —0.95 | —0.75 —0.95 
v Hawa Brhltter Volta igs —16mA, Ig“ 150 mA]. vote 3 
pe ee eae Ip=—50mA, Ic =—500mA ba 
: : Igp=—15mMA, Ic =—150mA 
VcE(sat}  Collector-Emitter Saturation Voltage See Note 3 


Ip = —60mA, Ic = —500mA 0.75} 0.75) 
Small-Signat Common-Emitter 


—40 
0.75 7.5 
Input Impedance 
Ss Smatl-Signal Common-Emitter | 20 250] 60 soo 
fe o 
Forward Current Transfer Ratio 
Voce =-10V, Ic =—-1mA, f=1kH 
‘ Small-Signal Common Emitter ied c 3 Oix  8xlO1x 8x 
ts Reverse Voltage Transfer Ratio 10-4 10-4|/10-4 10-4 
s Small-Signal Common-Emitter 
oe Output Admittance 
Smatl-Signal Common-Emitter 
VcE=-10-V, Ic =—20mA, f= 100 MHz 
Prel Forward Current Transfer Ratio cE . pis | 2 | 
Vv =-—10V, te =0, f =.140 kHz, 
Cop -—=—Collnotor- ane Capacitence coos ae | as] as 
Veg =—0.5V, Ic =0, f = 140 kHz, 
See SeeNows | 


NOTES: 3. These parameters must be measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
4. Cop and Cop measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or collector, respectively) is connected to the guard terminal of the bridge. 


100 =©300 
60 


3 


a 


* The asterisk identifies JEDEC registered data for the 2N4402 and 2N4403 only. 


TEXAS INSTRUMENTS 4-341 


INCORPORATED 
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TYPES 2N4402, 2N4403, A5ST4402, AST4403 
P-N-P SILICON TRANSISTORS 


*switching characteristics at 25°C free-air temperature 


VeE(ot “2. See Figure 
Veo = ~30V, 
taia) = 15m, 


t¢ = —150 mA, 


T Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


“The asterisk identifies JEDEC registered data for the 2N4402 and 2N4403 only. 


PARAMETER MEASUREMENT INFORMATION 


1 to 100 us —e———_-__—__—_»| 
! ! 


—30 V 


OUTPUT H 

—e ty nae 

1k2 mat a 
INPUT sake 1 | 

PL Cy < 10 pF | FF 90% 
' H OUTPUT 
LL 10% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE T—DELAY AND RISE TIMES 


1 to 100 4s e+ 


—30 V 


+14V 


OUTPUT 


t 
| 
t 
INPUT H 


aa Cry < 10 pF 


1N916 | 
i 90% OUTPUT 
ak 10% 
+4V a 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2—~STORAGE AND FALL TIMES 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Zou, = 50 &, duty cycle = 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: ty < 4 ns, Rip = 10 MQ. 
c, Cy includes capacitance of test jig, connectors, and oscilloscope. 


PRINTED IN U.S.A. 
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TYPES 2N4409, 2N4410, A5T4409, A5T44100 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. OL-S 7311974, MARCH 1973 


SILECTt TRANSISTORS} 
FOR MEDIUM-CURRENT AMPLIFIER APPLICATIONS 
e@ High-Voltage Indicator and Display Control 


e@ Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 
Pin-Circle Configuration 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


2N4409, 2N4410 
=i 0.080 (NOTE A) Fem Beye 


+0.005 
0.300 5 620 Fs 190 +0.005 


0.020 


ae 


Sinead 

j = 0005 

Lo 0, sf 0.500 MIN. . mare 
-0.0380 " + 0.002 


0.050 = 0.005 3 LEADS 0.017 * O00; 


NOTES: A. Lead diameter is not controlled in this area. 
B. All dimensions are in inches. 


“ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


A5T4409, AST4410 


1. EMITTER 


+ 0.002 


ees OOF 0.001 
J LEADS 
0.185, 0.500 MIN. ——~ 


0.005 3- COLLECTOR 


NOTES: A. Lead diameter is not controlled in this area. 

B. Leads having maximum diameter (0.019) shall be within 0,007 of their true positions measured 
in the gaging plane 0.064 below the seating plane of the device relative to a maximum- 
diameter package. 

Cc. All dimensions are in inches, 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N4409 2N4410 
A5T4409 A5T4410 


Collector-Base Voltage . . . Sake din Bice Mia Aten Soon, My on echt ae 80 v* 120 v* 
Collector-Emitter Voltage (See Note 1) Se) chica: Subp GiaaKog, Gh Eel, Re a eee DB, ge 50 v* 80 v* 
Emitter-Base Voltage... . i! cde aN Geo hte bee Soe ala ae RD es 5v* 5v* 
Continuous Collector Current wo A eae ae Bien Boe a ee a el WO a OO MA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). — {6% mw 

oO Oo 
Storage Temperature Range . . 2. 1 1 ee ee ee ee ren + oe 

oO 

Lead Temperature 1/16 Inch from Case for 10Seconds . . 1. 2 6 ee ee pena 


NOTES: t. These values apply between 0 and 50 mA when the base-emitter diode is open-circuited. 
2. Derate the 625-mW rating linearly to 150°C free-air temperature at the rate of 5 mw/*C. Derate the 310-mW (JEDEC registered) 
tating linearly to 135°C free-air temperature at the rate of 2.82 mw/c. 
*The asterisk identifies JEDEC registered data for the 2N4409 and 2N4410 only. This data sheet contains all appticable registered data in 
effect at the time of publication. 
t Trademark of Texas Instruments 
fu.s. Patent No. 3,439,238 


§ Texas instruments guarantees these values in addition to the JE DEC registered values which are also shown. USES CHIP N23 
TEXAS IN STRUMENTS 4-343 
INCORPORAT 


POST OFFICE BOX S012 ¢ DALLAS, TEXAS 75222 


TYPES 2N4409, 2N4410, A5T4409, AST4410 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


2N4409 2N4410 
PARAMETER AST4409 AS5T4410 | UNIT 


I¢=1mA, Ig =0, See Note 3 Yr 50 | 8 | vi 
I¢= 500uA, Rg 8.2k2 to-5V es ee 
W(BR)EBO Emitter-Gaxe Breakdown Voltage [IE= 10uA, io =0 

Vcp=60V, Ip=0 

Vop=100V, le =0, Ta = 100°C 


leBo Emitter Cutoff Current Veg=4V, Io =0 


== 
jn | 
VoE= TV, Ig= mA [eo 
h Static F tT Rat 
[nee State Forerd Curent Tranter Revo, [Yee Ic=10mA, See Note 3 60__400 
[0.8 | 
P02 | 


TEST CONDITIONS 


IcBO Collector Cutoff Current 


FE 
Bi H 
VBE jase-Emitter Voltage VceE=5V, _Ic=1mA 
VcE{sat) _ Collector-Emitter Saturation Voltage Ip=0.1mA, ic=imA 


: 1g=0.1mA, Ic=imA 


Small-Signal Common-Emitter 


Vv =10V, I¢=10mA, f = 30 MH 
Forward Current Transfer Ratio ce c i: 


hel 


Vep=10V, Ie =0, = 140 kHz, 
See Note 4 


Ceb Collector-Base Capacitance 


NOTES: 3. These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
4. Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the 
guard terminal of the bridge. 
*The asterisk identifies JEDEC registered data for the 2N4409 and 2N4410 only. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


P7—Maximum Continuous Device Dissipation—mW 


0 25 50 75 100 125 150 
Ta—Free-Air Temperature—°C 


FIGURE 1 
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TYPES 2N4416, 2N4416A 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. DL-S 6810649, JANUARY 1968 


FOR VHF AMPLIFIER AND MIXER APPLICATIONS 


High Power Gain... 10 dB Min at 400 MHz 

Low Noise Figure...4 dB Max at 400 MHz 

High Transconductance ...4000 ,mho Min at 400 MHz 

Low C,,, ...0.8 pF Max 

High |y,,|/C.. Ratio (High-Frequency Figure-of-Merit) 
Cross-Modulation Minimized by Square-Law Transfer Characteristic 
Recommended for Use in VHF-UHF Bandpass Amplifiers 

Excellent for General Purpose Amplifier and Chopper Applications 


*mechanical data 


THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 
0.019 
4 LEADS Dis OIA 


ALL DIMENSIONS ARE IN 
INCHES UNLESS OTHER- 
WISE SPECIFIED 


2-DRAIN | 
1-SOuRCE 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


absolute maximum ratings at 25°C free-cir temperature (unless otherwise noted) 


2N4416 2N4416A 


*Drain-Gate Voltage . - 6. 2 6 ee te tt te 30V 35V 
*Drain-Source Voltage . . . - - - +) 2 et te ee ee ts 30V 35V 
*Reverse Gate-Source Voltage . - - 6 se ee tt tt te et -30V -35V 
*Continuous Forward Gate Current . .- .<— 10mA — 


*Continuous Device Dissipation at (or balow): 25°C Free-Air Teripacchure (See Note 1) . <— 300 mw 

Continuous Device Dissipation at (or below) 125°C Case Temperature (See Note 2) . <—450 mw-> 
*Storage Temperature Range . . - ton ee ew ee eww 4 G5°C to 200°C 
*Lead Temperature Xs Inch from Case for 60 Seconds Coe ee ee ee no em 800K 


NOTES: 1. Derate linearly to 200°C free-air temperature at the cate of 1.7 mW/°C. 
2. Derate linearly to 200°C cose temperature at the rate of 6 mW/°C. 


*indicates SEDEC registered data 


USES CHIP JN53 
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TEXAS, INSTRUMENTS 4-345 


NCORPORAT 
POST OFFICE GOX S012 ¢ DALLAS, TEXAS 75222 


TYPES 2N4416, 2N4416A 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


~35" 


TEST CONDITIONS? 


le =! pA, Vos =? 

Ie =1 mA, Vos = 0 

Ves = —20 Vv, Vos =0 0.1" 
~0.2* 


Ves = -20 y, Vos = 0, Ta = 150°C —0.1t 


Vester Gate-Source Cutoff Voltage | Yos=15¥, Io= 1nd ~6° 


Ves  Gate-Source Voltage Vos = 15¥V, = Ip = 0.5 mA 
loss Tero-Gate-Voltage Drain Current Vos = 15, Ves= 0, See Note 3 


Small-Signal Common-Source 
I¥ts! Forward Transfer Admittance 

Smail-Signal Common-Source 
Mos! Output Admittance 


C Common-Source Short-Circuit 
ie Input Capacitance 

Common-Source Short-Circuit 
Reverse Transfer Capacitance 

c Common-Source Short-Cirevit 
ots Output Capacitance 

R Smoll-Signal Common-Source 
eis) Input Conductance 

\ Small-Signal Common-Source 
im(yis) Input Susceptance 

R Small-Signal Common-Source 
(Yor) Output Conductance 

| Small-Signal Common-Source 
MYos) Qutput Susceptance 

R Smail-Signal Common-Source 
elyie) {nput Conductance 

\ Small-Signal Common-Source 
MYis) Input Susceptance 

R Small-Signal Common-Source 
ely ts) Forward Transfer Conductance 

R Small-Signal Common-Source 
elon) Output Conductance 

\ Small-Signat Common-Source 
IM(Yox) Output Susceptance 


PARAMETER 


DESESEEER 


& 


Vierioss Gate-Source Breakdown Voltage 
Vesr  Gate-Source Forward Voltage 


—0.1* 


~0.2* 
0.1 


25" 


less Gate Reverse Current 


Css 


Ves = 0, 


0.075* 


f = 100 MHz 


Ves = 0, 


f = 400 MHz 


NOTE 3: This parameter must be measured using pulse techniques, ty = 300 ys, duty cysle < 1%. 
‘FTexas Instruments guarantees this value in addition to the JEDEC registered value, oe is also shown, 


“operating characteristics at 25°C free-air temperature 


PARAMETER 


Small-Signal Common-Source 
Neutralized Insertion Power Gain 


NF Spot Noise Figure 


¥The fourth lead (case) is connected to the source for all measurements. 
‘indicates JEDEC registered data 
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TYPES 2N4416, 2N4416A 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


eww ew ewww ed id 


C4 C7 ‘ 


' TO 50-Q 
| © DETECTOR 


wwe ewe 4 


FROM 50-2 
SOURCE 


t 


wee ome 
' 
www wm wr eww mn ene 


100 MHz 100 MHz 400 MHz 

7 pF 0.14 pH, 3.5 T, #18 enameled 0.022 ul, %” of #16 copper 
0.0015 pF copper wire, %e” 1.D., %4” long wire formed to 0.5 T, 4” I.D. 
1—12 pF 3 pH, 17 T, #28 enameled 0.2 pH, 6 T, #24 enameled copper 
1000 pF copper wire, close wound, %2” wire, close wound, %” 1.D., 

1-12 pF 1.D., powdered iron slug aluminum slug 

0.0015 pF 0.25 pH, 4.51, #18 enameled 0.03 pH, 1%” of #16 enameled 


copper wire, 26” 1.D., %6” long 


3 pF copper wire formed to 1 T, 24” 1.0. 


FIGURE 1—NEUTRALIZED POWER GAIN AND SPOT NOISE FIGURE TEST CIRCUIT 
NOTE 4: Transformed equivalent source resistance (Rg) is 1000 {2 at 100 MHz for 100-MHz omplifier, and 1000 9 af 400 MHz for 400-MHz amplifier. 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE CASE TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


500 500 


400 


400 


300 


200 


eh 
(ei 
er 
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soles 
ia ee 
eal 
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— Maximum Continuous Device Dissipation — mW 
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0 
0 25 50 75 JOO 125 150 175 200 0 25 50 75 100-125 150 «175 = 200 
Ty — Free-Air Temperature —°C Tc — Case Temperature — °C 
FIGURE 2 FIGURE 3 
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IW ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N4423 

P-N-P SILICON TRANSISTOR 

BULLETIN NO. DL-S 689124, AUGUST 1966—REVISED MAY 1968 
SILECT} TRANSISTOR FOR HIGH-SPEED SWITCHING APPLICATIONS 


© Electrically Similar to the 2N2894 
© Rugged, One-Piece Construction with Standard T0-18 100-mil Pin Circle 


mechanical data 


This transistor is encapsulated in a plastic compound specifically designed for this purpose, using a highly mechanized 
Process developed by Texas Instruments. The case will withstand soldering temperatures without deformation. This 
device exhibits stable characteristics under high-humidity conditions and is capable of meeting MIL-STD-202C, 
Method 106B. The transistor is insensitive to light. 


*CASE OUTLINE 


60 
a 0.017 yom ola 
eS ieee 0.500 MIN ail , 


3. COMECTOR 
NOTES: A. Lead diameter is not controlled in this area. 
B. Leads having maximum diometer (0.019) shalt be within 0.007 of their true positions 
measured in the gaging plane 0.054 below the seating plane of the device relative te 
is -diometer package. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage sig cal een torn va: Lat Sete : Boe ee ew ee IZ 
Collector-Emitter Voltage (See Note 1). . . . 3 ‘ - e we odI2V 
Collector-Emitter Voltage (See Note 2). . ....2.2.2... rn) bf 
Emitter-Base Voltage . . . 2. 2... S ‘ 7 eae rr 2 
Continuous Collector Current 2. 2 2 6. 1 ww ee - + .7200mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3). . . . 360 mW 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 4). . . . . 500mW 
Storage Temperature Range. . 2. ww 1 1 kw ee ew we HOSP to 150°C 
Lead Tempercture %s Inch from Case for 10 Seconds . 2 2 1 1 ww ee 280°C 
“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
| MIN MAX [UNIT | 


Visxjces _Collector-Emitter Breakdown Voltage | tc = —10uA, Ve=O0 | 


Vienjeso _Emifter-Base Breakdown Voltage i; = -100 ph, Io = 0 


Icxo Collector Cutoff Current Vo =—6V, ke =0, Ta = 70°C 
Ices Collector Cutoft Current | Ver=—6V, We=0 


Static Forward Current Transfer Ratio 


y 
Ml 
4 
es 
< 
oO 
i 
L 
—) 
Es 


: 
é 


Vee Base-Emitter Voltage 


NOTES: 1. This value applies when the base-emitter diode is short-circuited. 


2. This value applies between 0 end 200 mA collector current when the base-emitter diede is open-circuited, Maximum reted veltege and 200 mA collector current mey 
be simultaneously epplied provided the time ef application is 18 ys or Jess end the duty cycle Is 2% oF Jess. 


Ves{sat) Collector-Emitter Saturation Voltage 


2 


3. Derate Sinearly to 150°C free-air temperature at the rate of 2.88 mW/deg. “indicates JEDEC registered date 
4, Derate linearly to 150°C lead temperature at the rate of 4 mW/deg. Leod fomperature is measured on the ‘TTredemerk of Taxes Instruments 
collector lead 1/16 inch frem the case. 
5. These parameters must be measured using pulse techalques. ,= 300 ps, duty ye < 2%. USES CHIP Pll 
4-348 - TEXAS INSTRUMENTS 
INCORPORATED 


POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 
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TYPE 2N4423 
P-N-P SILICON TRANSISTOR 


*electrical characteristics at 25°C free-air temperature 
[ _—SSCPARAMETER 


Small-Signal Common-Emitte 
[he Seed Gna Transfer Ratio Vee = SV, Ic = 30 mA, f = 100 Miz 


Vos =-5 vy, fe = 0, f= Miz, 
Cop Collectos-Base Copacitance SS ) 6 | 
Go  Emitter-Base Capacitance = 6, f = 1 Miz ea 


” 
See Note 6 
MOTE 6: C.,, and C.,, are measured sing three-terminal measurement techniques with the third electrode (emitter or collector respectively} guarded, 


TEST CONDITIONS 


*switehing characteristics at 25°C free-air temperature 
[PARAMETER 


| te DeloyTime 
es = Vecem = 0, 
patie 


0. mA, ln) = —3 mA, 


. 


Voltage and current values shown are nominal; exect values vary slightly with transistor parameters. 


*PARAMETER MEASUREMENT INFORMATION 


3V 
0 
938 INPUT 
OuTPuT ety. = ine 
i] - 
INPUT tsb 
at aan ee 
= = 10% 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1 
av 3V 
? INPUT 
1a eT) | 
2.4V-° 
0.1 yF OurruT ase aa 
INPUT ale 
—— _/ om 
10% 
| TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 2 


NOTES: a. The input waveforms are supplied by @ generator with the follewing characteristics: Z4y¢ = 500, t, < Uns, t, > 200 ns, duty cycle < 2%. 
b. Waveforms cre monitored on en escillescope with the fellewing characteristics: t, S las, &, 2 100 £0, €,, <S 10 pF. 


indicates JEDEC registered date 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N4851, 2N4852, 2N4853 
P-N UNIJUNCTION SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311967, MARCH 1973 


PLANAR UNIJUNCTION TRANSISTORS SPECIFICALLY CHARACTERIZED 
FOR A WIDE RANGE OF MILITARY, SPACE, AND INDUSTRIAL APPLICATIONS 


e Planar Process Ensures Low Leakage, High-Performance 
With Low Driving Currents, and Greatly Improved Reliability 


*mechanical data 


Package outline is same as JEDEC TO-18 except for lead position. All TO-18 registration notes also apply to this 
outline. 


BASE-2 (S IN ELECTRICAL CONTACT WITH THE CASE 


0.019 
3 LEADS 0.016 DIA 


a 2 ALL DIMENSIONS 
+c BASE ARE IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


2-BASE-1 
1—EMITTER 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Emitter—Base-Two Reverse Voltage. 2. 2 6 6 ek ee ee ee ee ee eee) 6 BOM 
Interbase Voltage (See Note1)  . 2... 2 1 ee eee «68K 
Continuous Emitter Current 2. 2. ee ee ee eee ee) 6BOMA 
Peak Emitter Current (See Note2) 2. 2 2. 2 we 15A 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note3) ...... . =. . 300mW 
Storage Temperature Range. | ww 1 ee —65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds . . . . . 2... 2. 7 ee ee ee eee 260°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


anaesi_| _2waes? | _anaasa_] 
PARAMETER TEST CONDITIONS 


‘BB Static Interbase Resistance Ve2p1=3V, (EO 47 91 | 4.7 9.1 


Interbase Resistance Ve2B1=3V, le =0, 
a, 0.2 0.8 | 0.2 0.8 1 src 
BB Temperature Coefficient Tp = —65°C to 125°C, See Note 4 


4.7 9.1 
0.2 0.8 
Intrinsic Standoff Ratio Vpg2B1= 10V, See Figure 3 ]0.56 0.75 0.7 0.85 | 0.7 0.85 


n 
[isa Enter Reverse Curent | Vega =30¥, gy =0 | 100] 
Fp Peak Point itor Curent | Vang = 28 | 
[iy Va Point enter Gurent [Vane 8V——__— 
Vopi Base-Gne Peak Pulse Voltage 
fmax Maximum Frequency of Oscillation [SeeFigreS eT 


NOTES: 


1. The interbase voltage rating is based upon allowable power dissipation: Vp2e81 = Vree‘Pr- 
2. The peak emitter current rating is based on the capability of the transistor to operate safely in the circuit of Figure 4. 
3. Derate Jinearly to 125°C free-air temperature at the rate of 3 mW/°C. 
4. Temperature coefficient Orgg is determined by the following formula: 
[= @ 125°C) — (rgR@ ==] 100% 
VER =|) oat 


tgp @ 25°C 190°C 


To obtain rgp for a given temperature Tai), use the foliowing formula: 


reag(2) = [ree @ 25°C) [1 + lorgg/100%)T a(2)—25°C)) . 


*JEDEC registered data. This data sheet contains all applicable data in effect at the time of publication. 
USES CHIP U42 
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TYPES 2N4851, 2N4852, 2N4853 
P-N UNIJUNCTION SILICON TRANSISTORS 


*PARAMETER MEASUREMENT INFORMATION 


4 t2 
EMITTER—BASE-ONE VOLTAGE 0 O.15A 
vs DUTY CYCLE < 1%, 
EMITTER CURRENT PRR < 10 pps 4.5A 
CURRENT WAVEFORM THRU R1 
OUTY t 
CYCLE = Wt it 
20-30 V 
(Adjust for 1.5A 
peak in R1) 
FIGURE 1~GENERAL STATIC EMITTER FIGURE 2~PEAK-EMITTER-CURRENT TEST CIRCUIT 
CHARACTERISTIC CURVE AND WAVEFORM 


+10 V © 


N—intrinsic Standoff Ratio— This parameter is defined in terms 
of the peak-point voltage, Vp, by means of the equation: Vp =n, 
Ve281 + Ve. where Vg is about 0.49 volt at 25°C and decreases 
with temperature at about 2 millivolts/*C. 


The circuit used to measure 7 is shown in the figure. In this circuit, 
B2 R1, C1 and the unijunction transistor form a relaxation oscitlator, 
|= and the remainder of the circuit serves as a peak-voltage detector 
B1 with the diode D1 automatically subtracting the voltage Vp. To use 
the circuit, the ‘‘cal’’ button is pushed, and R3 is adjusted to make 
R3 the current meter M1 read full scale. The ‘‘cal’’ button then is 
released and the value of 7 is read directly from the meter, with 

100 k2 N = 1 corresponding to full-scale deflection of 10 LA. 

D1: 1N457, or equivalent, with the following characteristics: 


Ve = 0.49 Vatic = 10uA 
IR <2uAatVR=20V 


M1: 10 uA Full Scaie 


FIGURE 3—TEST CIRCUIT FOR INTRINSIC STANDOFF RATIO (n) 


47.2 FREQUENCY 
COUNTER 


R1 and C1 are adjusted to maximize the frequency of oscillation. 


FIGURE 4—Vog1 TEST CIRCUIT FIGURE 5—fya, TEST CIRCUIT 


*JSEDEC registered data 
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IN ORDER TO IMPROVE DESIGN AND 10 SUPPLY THE SEST PRODUCT POSSIBLE. 


TYPES 2N4854, 2N4855 
N-P-N, P-N-P DUAL SILICON TRANSISTORS 


BULLETIN NO. OL-S 7211694, MARCH 1972 


DESIGNED FOR COMPLEMENTARY MEDIUM-POWER 
HIGH-SPEED SWITCHING AND GENERAL PURPOSE 
AMPLIFIER APPLICATIONS 


e 2N4854 Electrically Similar to 2N2222/2N2907 
e 2N4855 Electrically Similar to 2N2221/2N2906 
@ hfEe—Guaranteed from 100 uA to 300 mA 

e Low-Profile Case 


*mechanical data 


ALL LEADS INSULATED FROM CASE 


maximum-width t 


in in 0.00: 
Lal er “ny the Sad eat of 
a ine device shall be within 0.007” of 
eek their true pa relative to 3 


1. K-P-N COLLECTOR 
2. N-P-N BASE IN INCHES 


ALL DIMENSIONS ARE 
PM EMITTER OS oreo 
5. P-N-P EMITTER 

6. PNP BASE 

7. PHP COLLECTOR 


“absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) t 


EACH TOTAL 
TRIODE DEVICE 
Collector-Base Voltage . . . eta Bic se ello dan Ge ee tet tee TE ae) arg Re don he, BOM 60 V 
Collector-Emitter Voltage (See Note 1) oe ibptan Th eke ee Be We on a Dee, “ew Bae 40V 
Emitter-Base Voltage . . BL eee ba lB sem sabe tes nate oh He ig wpe tare abe se kta PETA. Pade Fs 5V 
Collector-1—Collector-2 Voltage Binder i giti see wie aniee, eres shar) Pte, Mle and pease: celcs +120 V 
Lead-to-Case Voltage 6 ww ee +120 V 
Continuous Collector Current .. . . . . « 600MA 
Continuous Device Dissipation at (or Gaia 25° c Free-Air Tarnperstirs (See Note 2) . 2. « 300mW 600 mW 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note3) ...... 1W 2wW 
Storage Temperature Range . . Se bi etn ais ene Bie es.” 6B Cito 200°C 
Lead Temperature 1/16 Inch from Casefor10Seconds . 2. ee 300°C 


NOTES: 1. This value applies between O and 600 mA collector current when the base-emitter diode is open-circuited. 40 V and 600 mA 
collector current may be simultaneously applied provided the time of application is 10 us or less and the duty cycle is 2% or less. 
2. Derate linearly to 175°C free-air temperature at the rates of 2 mW/°C for each triode and 4 mW/°C for total device. 
3. Derate linearly to 178°C case temperature at the rates of 6.67 mWw/C for each triode and 13.33 mW/°C for total device. 
*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. . 
TVoltages and currents apply to the N-P-N triode. For the P-N-P triode the values are the same, but the signs are reversed. 


USES CHIPS N24 and P20 


4-352 T EXAS INSTRUM ENTS 


CORPORAT 
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TYPES 2N4854, 2N4855 
N-P-N, P-N-P DUAL SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) t 


individual triode characteristics (see note 4) 


ViBR)CBO Collector-Base Breakdown Voltage ic=10KHA, Ie=0 
ViBRICEO Collector-Emitter Breakdown Voltage I¢=10mA, Ig =0, See Note 5 
ViBR)EBO Emitter-Base Breakdown Voltage le=10uA, Ic=0 


[Vop=50V, p=-O  ———C—Cid =50V, Ip=0 
IcBo Collector Cutoff Current cB E $ 
Vog = 50V, le = 0, Ta = 150°C 


va 


N 
2 
a> 
oo 
< | Ei 


VcE=1V, Ic¢=150mA, See Note 5 
Vee =10V, Ic = 100 KA 


VcE=10V, I¢=10mA See Note 5 75 
VcE=10V, I¢=150mA, See Note 5 


VceE=10V, Ic= 300mA, See Note 5 


Vv Base-Emitter Voltage Igp=15mA, tc =150mA, See Note 5 0.75 1.2)0.75 1.2] V 
BE B Cc 


VCE(sat) _ Collector-Emitter Saturation Voltage ig=15mA, I¢=150mA, See Note 5 


h Smali-Signal Common-E mitter 
re Input Impedance 


hee Static Forward Current Transfer Ratio 


8 
8 


° 
~ 
a 
> 
a 


he Small-Signal Common-E mitter Yxe io Ven wt mA pe dtikHe Ex) 
‘s Forward Current Transfer Ratio ce yon : 

K Small-Signal Common-Emitter | as] 
oe Output Admittance 


he | Small-Signat Common-Emitter 
e 


VcE=10V, I¢=20mA, f= 100 MH 
Forward Current Transfer Ratio ce = 10 c m z 


Vep=10V, te =0, f= 1MHz, 


Cc, Collector-B i 
cb ‘ollector-Base Capacitance See Note 6 


RGAE 


“operating characteristics at 25°C free-air temperature t 
individual triode characteristics (see note 4) 


Ig= THOMA, Tain) = TMA, Tpi2)= TMA, 
re Fall Time] RL +2002, See Note 7 and Figure2 
Voe=10V, I= 100A, Ag = 160, 


Ic = 150 mA, Ip(1) = 15 mA, VBE (off) = —0.5V, 
Ri = 2002, See Note 7 and Figure 1 


fare | 8] 


NOTES: 


> 


The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 

. These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 

6. Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter and case are connected 
to the guard terminal of the bridge. 

7. Voltages and current values shown are nominal; exact values vary with device parameters. 


*JEDEC registered data 
TV oltages and currents apply to the N-P-N triode. For the P-N-P triode the values are the same, but the signs are reversed. 
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TEXAS INSTRUMENTS 4-353 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, .TEXAS 78222 


TYPES 2N4854, 2N4855 
N-P-N, P-N-P DUAL SILICON TRANSISTORS 


*PARAMETER MEASUREMENT INFORMATION 


+9,.9V anne 
+30 
INPUT 
200 2 0.5V 1 
eg 
OUTPUT Paes 
619 = be 
| 
1 
INPUT | OUTPUT 
{ 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1-DELAY AND RISE TIMES 


+30 V INPUT 
-13.8V 
200 2 


OUTPUT 


' 

| 10% 

1/ OUTPUT 
90% 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2~STORAGE AND FALL TIMES 


NOTES: a. The input waveforms have the following characteristics: For figure 1, t- <2 ns, tw = 200 ns, duty cycle < 2%; for figure 2, 
te <5 ns, ty = 10 us, duty cycle © 2%. 
b. All waveforms are monitored on an oscilloscope with the following characteristics; t- < 6 ns, Rin = 100k, Cin © 12 pF. 
c, The signs and potarity symbols shown are for the N-P-N triode; for the P-N-P triode the signs and Polarity symbols are reversed, 
*JEDEC registered data * 
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TYPES 2N4856 THRU 2N4861, 2N4856A THRU 2N4861A 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO, OL-S 7311911, JUNE 1973 


SYMMETRICAL N-CHANNEL FIELD-EFFECT TRANSISTORS 
FOR HIGH-SPEED COMMUTATOR AND CHOPPER APPLICATIONS 


e Lowrds(on) --- 25 2 Max (2N4856, 2N4856A, 2N4859, 2N4859A) 
© Low Ip(off) - - - 0.25 nA Max 


e Low rds(on) Cisg Product 


*mechanical data 


THE GATE IS IN ELECTRICAL CONTACT WITH THE CASE 


ALL DIMENSIONS ARE 
IN_ INC 


HES 
UNLESS OTHERWISE 
SPECIFIED 


ALL JEDEC TO-18 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N4856 2N4859 
2N4857 2N4860 
2N4858 2N4861 
2N4856A 2N4859A 
2N4857A 2N4860A 
2N4858A 2N4861A 
Drain-Gate Voltage ........ oe onoe I ty ds ath tapes Segre as OR a Sth Wl ae AE: 0 40 Vv 30V 
Drain-Source Voltage w/w ee es Be ad SNe EK 40 Vv 30 V 
Reverse Gate-Source Voltage 


Sooke Shetay a BON b Qicgh Se kwitie Sean annie Ghante te egon F4OV -30 V 
Continuous Forward Gate Current 2. 2. 6 6 ee ee es La, to 50 MA 


Continuous Device Dissipation at (or below) 25°C Free- Air Temperature (See Note 1) ‘ + 360 mW——> 


Continuous Device Dissipation at (or below) 25°C Case Uelcaaaly (See Note 2). tee 1.8 We 
Storage Temperature Range. 2. .  -65°C to 200°C 


Lead Temperature 1/16 Inch from Case for GOSeconds. . . . 1. 2 Cee ee ee == 300°C —— 


NOTES: 1. Derate linearly to 200°C free-air temperature at the rate of 2.06 mw/* Cc. 
2. Derate linearly to 200°C case temperature at the rate of 10.3 mw/’c. 


: , USES CHIP JN52 
* JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication 
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TEXAS INST RUMENTS 4-355 
INCORPORAT 


POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


TYPES 2N4856 THRU 2N4861, 2N4856A THRU 2N4861A 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


2N4856 THRU 2N4861 
*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


TEST CONDITIONS 2N4856 oT 4857 


MAX MAX 
—40 


7 Gate-Source 
(PRIGSS Sreakdown Voltage 


+5 


lg = -1 BA, Vos = 0 


Gate Reverse 
Current 


Yes = —15V, Vps = 0, 
Ty = 150°C 


Drain Cutoff 


Current Yes = —10¥, 


Gate-Source 
Cutoff Voltage 
Tero- Gate- 
Voltage 

Droin Current 


Ip = 0.5 nA 


Drain-Source 
On-State 
4 Voltage 


Smail-Signal 

Drain-Source 

On-State 

Resistance 

Common-Source 

Short-Cirevit 

(Input 

Capacitance 

Common-Source 

Short-Cirewit Yps = 0, Veg = —10V, 
Reverse Transfer f = 1 MHz 
Capacitance 


; Tum-On _ 20 mA (2N4856, 244959) 
ldter! olay Time lotentt = 410 mA (2N4857, 24860) 


5 mA (2N4858, 2N4961) 
1 Rise Time 
10 ¥ (2N4856, 2N4859) 
Vestotn == 4 —6 ¥ (2N4057, 204860) 
tort Turn-Off Time See Figure 1 4 -V (2N4858, 284861) 


NOTE 3: This parameter must be measured using pulse techniques, ty ex 100 ms, duty cycle < 10%, 


TThese are nominal values; exact volues vary slightly with transistor parameters. 
“JEDEC registered data 
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TYPES 2N4856 THRU 2N4861, 2N4856A THRU 2N4861A 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


2N4856A THRU 2N4861A 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


[ranameren | Test conpmions [am mar fMIN MARL MIN MLN MAK [IN AX MINT AOC] ONT 
4 


Gate-Source a be 


ies Sa Vos SO esas as 


eas = 


Var =V os=0 | 
Ves = —I5V, Vos = 0 
Ta = 150°C 


Drain Cutoff Nog = NENA Nee 


= 
Gate-Source - a 
Yesiom Cutoff Voltage Vos = 15, Ip =O5nA | 4 -10]-2 -6)-08 —4 2 +6 


Zero-Gate- mt _ 
Ipss ‘Voltage Vos = 15¥, Ves = 0, Pee ie ee 
Drain Current See Note 3 


j Gate Reverse 
SSS Current 


Drain-Source Ip = 20mA, Ves = 0 0.75 YY 0.75 
Vosten On-State Ip = 10mA, Ves = 0 YC 
Voltage Ip= Sma, Ves = 0 POS | 


Small-Signal 
Droin-Source 
Fdsiorl—On-State 
Resistance 
Common-Source 
Short-Grcuit 
ist Input 
Capacitance 
Common-Source 
Short-Circuit 
Reverse Tronsfer 
Capacitance 


Css 


IN4656A | 2N4857A | 2N4858A 
TEST CONDITIONS 2N4859A | 2N4860A_ | 2N4861A 
[TYP MAX | TYP MAX | TYP MAX 
Turn-On = 70 mA (2N4B56A, 2N4B59A mx 


tater) Delay Time 10 mA (2N4B57A, 2N4B60A' 

5 mA (2N48S8A, 2NAB6TA 
ft, RiseTime —10 V (2N4856A, 2N4859A) 
Pion ‘Tomant Tine | —6 V (2N4857A, 2N4B60A) 
—4V (2N485BA, 2N4B6TA 
rt iRieTime V2 mA (2NABSGA, 2HABS9A) 
Na tana Tw torent = 6 mA (2H4857A, 2N4860A) 


3 mA (2N4858A, 2N4861A) 
—12.V (2N4856A, 2N4859A) 
—7 (2N4857A, 2N4860A) 
~5 V (2N4858A, 2N4861A) 


ty Fall Time 


See Figure 2, Vesiom = 


NOTE 3: This parometer musi be measured vsing pulse techniques. 1, = 100 ms, duty cycle 
© JEDEC registered data (typical deta excluded}. 
TThese are nominal valves; exect values vary slightly with transister parameters. 


< 10%. 
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T EXAS INSTRUMENTS 4-357 


NCORPORATE 
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TYPES 2N4856 THRU 2N4861, 2N4856A THRU 2N4861A 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


+10 V 
tpS1tns ty<ins 


i —— 
| k 200 veal INPUT 
VGS(off) 
| | 


—pl ton 6 wttors fe 
td(on)-o4 wt kel—§ ta(ort) 
tel p> ey ete 


— 10% Kl {J 10% 
90% 90% 


OUTPUT 


INPUT 


OUTPUT 


(See Notes a and b) 


TEST CIRCUIT VOLTAGE WAVEFORMS 


TYPES VGS(off 
2N4856A, 2N4859A 
2N4857A, 2N4860A | 953 2 


4-358 


A 
2N4858A, 2N4861A | 1910 2 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Zour = 50 82, duty cycle * 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t; < 0.75 ns, Rin 2 1 MQ, Cin < 2.5 PF. 


FIGURE 1 


TEKTRONIX 
109 


TEKTRONIX 567 


TEST CIRCUIT 


tp <O.5ns th <0.5ns 


O- —— 
k a rool INPUT 
VGS(off) 


\ 
pitas wltoft 
tdion)- wl kel ta(oft) 


tl pe lhe tf 


10% "Kl 710%. OUTPUT 
90% 90% 


(See Note a) 
VOLTAGE WAVEFORMS 


NOTE a: An equivalent generator and oscilloscope may be used. The oscilloscope must have a 50-2 input impedance. 


FIGURE 2 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


PRINTED IN U.S.A. 6 
Ti cannot assume ony responsibility for ony circuits shown 
or represent thot they ore free from patent infringement. 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
JN ORDER TO 'MPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N4891 THRU 2N4894 
P-N PLANAR SILICON UNIJUNCTION TRANSISTORS 


BULLETIN NO. DL-S 689776, JANUARY 1967 


PLANAR UNIJUNCTION SILECTt TRANSISTORS} 
FOR APPLICATION IN SCR DRIVERS, MOTOR-SPEED CONTROLS, 
TIMERS, WAVEFORM GENERATORS, MULTIVIBRATORS, RING COUNTERS, 
ELECTRONIC ORGANS, AND MILITARY FUZES 


e Low Leakage Allows More Accurate Timing Circuit Design 


e@ High Performance Capability at Low Drive Currents 


e Provides Wider Range of Design Applications than Bar-Type 
Unijunction Transistors 


e Rugged, One-Piece Construction Features Standard 100-mil 
TO-18 Pin-Circle 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


*CASE OUTLINE 


ost, 
0.200 0.160 
0.005 A 0.010 —-- 
a t+ }+—~ 


+0.002 
| —0.001 Ot 
5 vk a. 
eae 0.500 MIN Soak 6 


. Lead diameter is not controlled in this area. 

. Leads having maximum diameter (0.019) shall be within 0.007 of their true 
positions measured in the gaging plane 0.054 below the seating plane of the 
device relative to a maximum-diameter package. 

. All dimensions are in inches. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Emitter—Base-Two Reverse Voltage . . 2 2. ee ee te ee ee eee eee OV 
Interbase Voltage . 2 6 2 1 ee ee ee ee ee we See Note 1 
Continuous Emitter Current. 2. 2 1 7 we ee ee ee te ee eee ee) 65OmA 
Peak Emitter Current (See Note 2). . . . Sk ar 3 1A 
Continuous Device Dissipation at (or below) 25°C Free-Air Tempardtuts (See Note 3) . « « . 300mW 
Storage Temperature Range. . . ar &, Tee woe ee ee we ww + 65°C to 150°C 
Lead Temperature Ms Inch from Case ies 10 eeccnde Bobb hb ee eae a ae se. 33, 2608S 


NOTES: 1, Intervase voltage is limited solely by power dissipation, Vg2.e1 = V'BB*PT.- 
2. This value applies for a capacitor discharge through the emitter—base-one diode. Current must fall to 0.37 A within 3 ms and 
pulse-repetition rate must not exceed 10 pps. 
3. Derate linearly to 150°C free-air temperature at the rate of 2.88 mW/°C. 


*JEDEC registered data 
tTrademark of Texas Instruments 
FU.S, Patent No. 3,439,238 
USES CHIP U42 


el 
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TEXAS IN STRUMENTS 4-359 


INCORPORAT 
POST OFFICE BOX 5012 «¢ DALLAS, TEXAS 75222 


TYPES 2N4891 THRU 2N4894 
P-N PLANAR SILICON UNIJUNCTION TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
| MIN MAX|M AT MAA DATA] KAA IAIN] AAA 
eT 


PARAMETER 


Static Interbase Resistance 


Interbase Resistance Vere = 3V, le = 0, 
Crea Temperature Coefficient Ty = —55°C to 100°C, See Note 4 


nn = WV, See Figure i] 055 0A2[0S1_ On9|0s5 osn[a7" 626) | 
MTeaaca Wodolaed Interbane Goran | Var = 10V, fe= SUA, See Noto S| 1] 10 | | ce 
Meno Enter Revers Grant [Vee =—20V,n =O | tO] TO 10 


Emitter — Base-One _ _ 
Vemtat) — Saturation Voltage Vez-2, = 10 V, le = 50 mA, See Note 5 


ly Valley-Point Emitter Current | Veo-9, = 20¥ 
Von Base-One Peak Pulse Volfage | See Figure 2 


TEST CONDITIONS 
Ven =3V, k=O 


NOTES: 4. Temperature coefficient, cxrgp, is determined by the following formula: cian — | {fun @ 100°C — rag @ -55°C) | 100% 
(tap @ 25°Q) 155 deg 
To obtain rag for a given temperature T 4/2), use the following formula: Taya) = Urpe @ 25°C] [1 + (exp /100) Tay —25°C}] 


5. These parameters must be measured using pulse techniques. = 300 us, duty cycle < 2%. 


* JEDEC registered data 


PARAMETER MEASUREMENT INFORMATION 


7 — Intrinsic Standoff Ratio — This parameter is defined in terms 
of the peak-point voltage, Ver by means of the equation: Vo =n 
Veon + Vp, where Vp is about 0.56 volt at 25°C and decreases 
with temperature at about 2 millivolts/deg- 


+10V © 


The circuit used to measure 7 is shown in the figure, In this cir- 
evit, R,, C, and the unijunction transistor form a relaxation oscil- 
lator, and the remainder of the circuit serves as a peak-voltage 
detector with the diode D, automatically subtracting the voltage 
Ve. To use the circuit, the “eal button is pushed, and R, is 
adjusted to make the current meter M, read full scale. The “cal” 


Rs button then is released and the value of 7 is read directly from 
50 kQ the meter, with 7 = 1 corresponding to full-scale deflection of 
100 yA. 
D,: 1N457, or squivolent, with the following charactoristics: 
Ve = 0.565 V at Ip = 50 yA, 
M,: 100 pA Full Scale Ip SZpAatV, = WV 
FIGURE 1 — TEST CIRCUIT FOR INTRINSIC STANDOFF RATIO (y) 
EMITTER—BASE-ONE VOLTAGE 
vs 
EMITTER CURRENT 
' 
' 
‘ 
' 
1 
1 
! 
1 
Vesitor) =| 
Vy > at 
FIGURE 2—Vog, TEST CIRCUIT FIGURE 3 — GENERAL STATIC EMITTER CHARACTERISTIC CURVE 
PRINTED IN U.S.A. 3 
Ti cannot assume any responsibility for ony circuits shown 
4-360 TEXAS INSTRUM ENTS or represent thot they are free from potent infringement. 
INCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N3980, 2N4947 THRU 2N4949 
P-N PLANAR SILICON UNIJUNCTION TRANSISTORS 


BULLETIN NO. DL-S 739565, MARCH 1967—REVISED MARCH 1973 


PLANAR UNIJUNCTION TRANSISTORS SPECIFICALLY CHARACTERIZED 
FOR A WIDE RANGE OF MILITARY, SPACE, AND INDUSTRIAL APPLICATIONS: 
2N3980 for General-Purpose UJT Applications 
2N4947 for High-Frequency Relaxation-Oscillator Circuits 
2N4948 for Thyristor (SCR) Trigger Circuits 
2N4949 for Long-Time-Delay Circuits 


e Planar Process Ensures Extremely Low Leakage, High Performance 
with Low Driving Currents, and Greatly Improved Reliability 


*mechanical data 


Package outline is same as JEDEC TO-18 except for lead position. All TO-18 registration notes also apply 
to this outline. 


9.019 
ads 2017 py -, 
3 EADS Sore OM 


BASE —2 JS IM ELECTRICAL 
CONTACT WITH THE CASE. 


ALL DIMENSIONS ARE 


IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Emitter— Base-Two Reverse Voltage... ee ee et tt ee ee ee ew) OV 
Interbase Voltage... 1 wee ee ew et ee ew ew + + See Note 1 
Continuous Emitter Current. 2 0. 0. 6 ee ee ee ee ee we eee) «6<SOMA 
Peak Emitter Current (See Note 2). . . . be thy 3s lA 
Continuous Device Dissipation at (or below) 25°C Free-Air Témparatute (See Note 3) st fanws 360 mW 
Storage Temperature Range . . toe ee ee ee ee 685°C to 200°C 
Lead Temperature Ye Inch from Case for 10 Shesadi: fh gash tot ee Sei Mar” ott ee. 2s ie ROO E 


NOTES: 1. Interbase voltage is limited solely by power dissipation, Vp, = VV ‘gg ° Pr 
2. This value applies for a capacitor discharge through the emitter—base-one diode. Current must fall to 0.37 A within 3 ms and pulse-repetition rate must not 
exceed 10 pps. 


3. Derate linearly to 175°C free-air temperature at the rate of 2.4 mW/deg. 


“Indicates JEDEC registered data 


USES CHIP U42 


nn ne CTS a 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX S012 » DALLAS, TEXAS 75222 


4-361 


TYPES 2N3980, 2N4947 THRU 2N4949 
P-N PLANAR SILICON UNWJUNCTION TRANSISTORS 


‘electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


2N3980 | 2N4947 
[_ PARAMETER TESTE CONDITIONS MIN MAX|MIN MAX|MIN MAX|MIN MAX 
uv Static Interbase Resistance | Vers) = 3% Ie =O 4 8 4°09) 
Interbase Resistance Yeon = 3, I = 0, 
| Ores Temperature Coefficient L= 65°C to 100°C, See Note 4 ae. 08 a1 


0.68 0.82 0.51 0.69 
2 


n Intrinsic Standoff Ratio Veo.py = 10¥, See Figure 1 
Vy2(mod) Modulated Interbase Current Veo.g, = 10¥, ip = 50 mA, See Note 5 
Veer = —30¥, Ip, = 0 


| Emitter Reverse Current = = = 
R20 Ves2 = —30V, Ig, = 0, Ty = 125°C =I 
\p Peak-Point Emitter Current Vgo.8, = 254 2 
Emitter — Base-One 
Veertsat) — saturation Voltage Voo-s1 = 10V, Ie = SOmA, See Note $ $ 
Valley-Point Emitter Current | Veo-8) = 209 10 4 
You Bose-One Peak Pulse Voltage | See Figure 2 3 
WOTES: 4. Temperature coefficient a,gg is determined by the following formula: (2 @ 100° ~ (rap @ -465°¢] 100% 
a. = 
ras (rag @ 25°C) 165 deg 


To obtain tgg for o given temperature Tatay use the following formula: 
fanz) = Leap @ 25°C] [1 + (ce,59/ 100% NT 4(2)-25°O) ] 


5, These posometers are measured using pulse techniques. tp = 300 ys, duty cycle < %. 


“PARAMETER MEASUREMENT INFORMATION 


7 — Intrinsic Standoff Ratio — This parameter is defined in terms 
of the peak-point voltage, V,, by means of the equation: V, =7 
Vaan + Vp. where Vp is about 0.56 volt at 25°C and decreases 
with temperature at about 2 millivolts/deg- 


+10V 


The circuit used to measure 77 is shown in the figure. In this cir- 
cuit, R,, C, and the unijunction transistor form a relaxation oscil- 
lator, and the remainder of the circuit serves as a peak-voltage 
detector with the diode D, automatically subtracting the voltage 
Vp. To use the circuit, the “cal’’ button is pushed, ond R; is 
adjusted to make the current meter M, read full scale. The “cal” 
button then is released ond the value of 77 is read directly from 
the meter, with 7 = 1 corresponding to full-scale deflection of 
100 yA. 
D,: 1457, or equivalent, with the following characteristics: 
Vp = 0.565 Vat Ip = 50 pA, 
M,: 100 pA Full Scale Ig S2uAatV, = 0 

FIGURE 1 — TEST CIRCUIT FOR INTRINSIC STANDOFF RATIO (7) 


EMITTER—BASE-ONE VOLTAGE 
vs 
EMITTER CURRENT 


FIGURE 2—Vo,, TEST CIRCUIT FIGURE 3 — GENERAL STATIC EMITTER CHARACTERISTIC CURVE 


*Indicates JEDEC registered deta 


PRINTED [N U.S.A. 37: 
Ti cannot assume any responsibility for any circuits shown 


4-362 TEXAS INST RUM ENTS or represent thot they are free from patent infringement. 


INCORPORATED 
POST OFFICE BOX S012 * OALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N4996, 2N4997 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 6911249, AUGUST 1969 


HIGH-FREQUENCY SILECTTt TRANSISTORS} 
FOR TUNER AND IF-AMPLIFIER STAGES 
IN FM AND AM/FM STEREO-MULTIPLEX RECEIVERS 


e Rugged, One-Piece Construction with Standard TO-18 100-mil Pin-Circle 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


*CASE OUTLINE 
0.015 
(NOTE a) 


0.005 
+ 0.002 
0.017 * oop 

3 LADS 


3- COLLECTOR 


tA. 


0.500 MIN —— 


. Lead diameter is not controlled in this area. 

B. Leads having maximum diameter (0.019) shal! be within 0.007 of their true positions measured 
in the gaging plane 0.054 below the seating plane of the device relative to a maximum- 
diameter package. 

. All dimensions are in inches. 


* absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . Peden TB, een cyan ae. Wee ieee, Lot % ohn ty ee ae OLY: 
Collector-Emitter Voltage (See Note 0. inte tee Bo See as te 6 Se? RRP eee SC RABY 
Emitter-Base Voltage . . . . Rogpinn TS. hy HN TR Ripa? ity Cee a a aa Ma, oy WE wa te AN 
Continuous Collector Current. . » . . « S5OmA 
Continuous Device Dissipation at (or below) 25°C Free- Air Temperature (See ‘Note 2) A . . 250mW 
Storage Temperature Range. . egy 8 ne Le es 85°C to 150°C 
Lead Temperature Ys Inch from Case for 10 Senendic 2 oi ee Al wr Al cee he CROOS 


NOTES: 1. This value applies when the base-emitter diode Is open-circuited. 
2. Derate Jinearly to 150°C free-air temperature at the rate of 2 mw/°C. 
*JEDEC registered data 
TTrademark of Texas Instruments 
Tu.s. Patent No, 3,439,238 


USES CHIP N16 


TEXAS INSTRUMENTS 4-363 


INCORPORATED 
POST OFFICE BOX 5032 * DALLAS, TEXAS 75222 


TYPES 2N4996, 2N4997 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


Vierjceo Collector-Base Breakdown Voltage [fc = 10 wA, le = 0 

Vierjceo Collector-Emitter Breakdown Voltage {Ic = 2mA, fs = 0, See Note 3 
Vierjeso Emitter-Base Breakdown Voltage le = 10 pA, Io = 0 

Vee = 15V, Ie = 0 

Veg = 15V, Ie = 0, T, = 85°C 
tee __ Static Forward Current Transfer Ratio [ Vce = 10 V, Ic = 2mA 


lepo Collector Cutoff Current 


Small-Signal Common-Emitter = = = 
Forward Current Transfer Ratio Vee = 10V, tc = 2mA, f = 100 Miz 


Small-Signal Common-Emitter 
Forward Transfer Admittance 


Voce = 10V, Ic = 2mA, f = 10 MHz 


Collector-Base Capacitance Neem ket Cae fe 


Parallel-Equivalent Common-Emitter = = ee 

Short-Circuit Output Resistance Vor = 10V, le = 2mA, § = 10 Miz 

Collector-Base Time Constant fg = —2 mA, f = 79.8 Miz 
[_2N4996 
a 


operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


NF Spot Noise Figure Vee = 10V, Ic = 2mA, Re = 1000, f = 100 MHz 


NOTES: 3. This parameter must be measured using pulse techniques. tw = 300 Hs, duty cycle 2%, 
4. Cop measurement employs 3 three-terminal capacitance bridge incorporating a guard cirucit. The emitter is connected to the 
guard terminal of the bridge. 


*JEDEC registered data 


a apr I I a Te 


PRINTED IN U.S.A. 
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4-364 TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N5045, 2N5046, 2N5047 
DUAL N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. DL-S 7211695, MARCH 1972 


MATCHED FIELD-EFFECT TRANSISTORS 


High lyfs|/Ciss Ratio (High-Frequency Figure-of-Merit) 

Low Input Capacitance Cjgs . . . 8 pF Max 

Low Gate Reverse Current Differential... 10 nA Max at Ta = 100°C 

Recommended for Low-Level D-C Amplifiers, Sample-Hold Circuits, and Series-Shunt Choppers 


*mechanical data 


0.019 
6 EADS Org OA 


THE ACTIVE ELEMENTS ARE 
ELECTRICALLY INSULATEO FROM 
THE CASE 


- SOURCE 1 
. DRAIN 1 
}. GATE T 


. SOURCE 2 


DRAIN 2 ALL JEDEC 10-71 DIMENSIONS 
. GATE 2 AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


EACH TOTAL 
TRIODE DEVICE 
Drain-Gate Voltage: 2k ee ee ee ea a whe 50 V 
Reverse Gate-Source Voltage 2. 1 1 6 ee ee ee -50V 
Gate-1—Gate-2 Voltage 6g 6 ww we +100 V 
‘Lead-to-Case Voltage 6 ww ww +100 V 
Continuous Forward Gate Current 2... 6 1 6 ee ee 30 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) . . . . 250mW 400 mw 
Storage Temperature Range . 2. 1 ee es sents ab Oe we RN —65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10Seconds .......... , oe ee.) = 300°C —e 


NOTE 1: Derate linearly to 175°C free-air temperature at the rates of 1.67 mW/°C for each triode and 2.67 mW/°C for the total device. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


USES CHIP JN51 


3 


TEXAS INSTRUMENTS 4-365 


INCORPORATED 
POST OFFICE BOX 5012 * DALLAS. TEXAS 75222 


TYPES 2N5045, 2N5046, 2N5047 
DUAL N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
individual triode characteristics (see note 2) 


TEST CONDITIONS 
Ves = -50 V, Vos =0 
Ves = —-30V, Vps =0 
o 


Ves = -30 V, Vps = 9, Ta = 150°C 


[MIN MAX | UNIT 


Er 


IGss Gate Reverse Current 


unit | 

eae Bee 

| __ 0.25] A 

rea Sa aa Gr Vata Wise ipso a at 
ings ___Zero-Gate-Voltage Drain Current _——S~SsS~—SCS =H, VGg=O sd; OSB | “mA 
[Wie] Smati-Signal Common-Source Forward Transfer Admittance |Vpg=15V. Vgs=0,  f=tkHz | 1.5 __6|mmho | 
Nos! _SmattSignat Common-Source Output Admittance ___——*[VoS=15V, Vas=0, f=1kHz | __25| uno | 
[iss ___Smal-Signal Common-Source Input Capacitance __——‘[Vpg=15V, Vgs=0,f=iwHz [8] pF | 
[Grae SmaliSignal CommonSource Reverse Transfer Capacitance [Vpg=15V, Vgs=0,f=1MHz | 4[ pF 
fs Smalt-Signat Common-Source Forward Transfer Admittance |Vpg=15V, VgGs=0, f = 100 MHz | 1.5 | mmbho | 


triode matching characteristics 


PARAMETER TEST CONDITIONS 


VGs=-—15V, Vps=0, 
Ta = 100°C 


ace 
ornea WOSLISV: Ip =80eA [3 [0 | 

Vv S1-VGS2 Gate-Source-Voltage Differential 
seiaicar =200ua_ [5 [10 | 


lessi—Iess2| Gate-Reverse-Current Differential 


mv 


Vps=15V, Ip=200HA 


Vps=15V, Ip =200HA, 
Tata) = 25°C, Tala) = -28°C 


Gate-Source-Voltage-Differential 


|4(Vgsi-Vasa! aT al 


Change with Temperature Vps=15V, Ip=200HA, 


TA(1) = 25°C, Ta(2) = 100°C 


Ipss1 Zero-Gate-Voltage Vps=15V, Vg6s=9, 
Ipss2 Drain Current Ratio See Note 3 


Small-Signal C Source 
ignal Common-Sour: Vps=18V, Ip = 200A, 


Forward Transfer Admittance 
sb tesa : f=1kHz, See Note 3 
ati 


Small-Signal Common-Source Vps=15V, !p=200KA, 
Vos hh ae hos b - P i e7 3° | umho 
Output Admittance Differential [f= 1 kHz, See Note 3 


*operating characteristics at 25°C free-air temperature 


individual triode characteristics (see note 2) 


: ‘ Vps=15V, Vgs=9, f= 10 Hz, 
F Spot.N F 
RG=1MQ, _ Noise Bandwidth = § Hz 


Vps=15V, Vegs=9, 
Noise Bandwidth = 5 Hz 


Va Equivalent Input Noise Voltage 


NOTES: 2. The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 
3. The lower of the two characteristic readings is taken as the numerator or subtrahend, 
*JEDEC registered data 


4-366 


PRINTED IN U.S.A 
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TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO (MPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N5058, 2N5059 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 739699, MARCH 1967—REVISED MARCH 1973 


HIGH-VOLTAGE 10-WATT TRANSISTORS 
FOR GENERAL PURPOSE AMPLIFIER APPLICATIONS 
IN LINE-OPERATED CIRCUITS 
e Solid-State Relays 
e High-Voltage Inverters 
e Voltage Regulators 
e@ TV Sweep Circuits 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


05 Min 


TEMPERATURE 
MEASUREMENT PORT 


DETAILS OF CUTLINE IH 
‘THIS ZONE OPTIONAL 


ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 


ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE® 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . Pee gay eine BE Peas wee eee ee we ©6800V*%) (250 0% 
Collector-Emitter Voltage (See | Note 1) ened & owe BMer a bie e Weng ke esa & 300M E> -250-V* 
Emitter-Base Voltage . 2. 2. 2. 1. ee ee ee ee eter “xe es hay BO Spe talus 7Vv* 6v* 
Collector Current 2. 2... 1 ee ee ee 2 ee) 150 mMA*—e 
Continuous Device Dissipation : at er ialowt 25° c Free-Air Veripersturs (See Note 2) ee  . 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note3) ..... *—— i. bi _ 
Storage Temperature Range 2... 1 ee Le ee ee a ee) 665°C to +200°C* 
Lead Temperature 1/16 Inch from Case for 60: Seconds Sp. endear Coe ee ee eee = 300°C*—> 


NOTES: 1. This value applies between 0 and 30 mA collector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 175°C free-air temperature at the rate of 6.67 mW/*C. 
3. Derate the 10-watt rating linearly to 175°C case temperature at the rate of 66.7 mwW/°C. Derate the 5-watt (JEDEC registered) 
rating linearly to 175°C case temperature at the rate of 33.3 mw/c. 
the JEDEC registered outline for these devices is TO-5. TO-39 falls within TO-5 with the exception of lead length. 
* JE DEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
T This vatue is guaranteed by Texas Instruments in addition to the JE DEC registered value which is also shown. 


USES CHIP N15 


3 


TEXAS INSTRUMENTS 4-367 


INCORPORATED 
POST OFFICE BOX S012 « DALLAS. TEXAS 75222 


TYPES 2N5058, 2N5059 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


Vee = 25 V, lo = 30 mA See 
Stotic Forword Current Yransfer Ratio | Voz = 25¥, Ic = 100mA] Note | 35 | 30 ‘| 
Vee = 25V, Ic = 30 mA, 4 
T, = -55°C 
Vee = 25¥, Ic = 30mA, Seonotes [| 082 [0.82] V | 
aot icc Ip = 3mA, le = 30 mA, Seo Note 4 0.85 08s |v | 
Veejeat) _Collector-Emitter Saturation Voltage | Is = 3mA, Ic = 30 mA, See Note 4 1 r[ vi 
: Smoll-Signal Common-Emitter a a = 
[bel scrwurd Corson? Transfer Ratio Voce = 25¥, Ic = 10mA, f = 20MHz | 1.5 8) 15 8 | | 
Vos = 10V, te =0, f= 1 MHz, 
iter Vee = 05V, Ic=0, f= 1 MHz, 
Go Emitter-Base Copacitance See Note § 75 75 | oF 


Vee = 25 V, 


Vos = 100V, le = 0 
Vos = 100V, le = 0, Tt, 


Ic = 5mA 


NOTES: 4. These parameters must be measured using pulse techniques. 1, == 300 ys, duty cycle < 2%. 


'p 


5. Cop and Cyp, are measured using three-terminal measurement techniques with the third electrode (emitter or collector respectively) guarded. 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


P, — Maximum Continuous Device Disipation — W 


0 2 50 75 
T, — Free-Air Temperature —°C 
FIGURE 1 


100 125 «150 «6175 200 


* Indicates JEDEC registered data 


P, — Maximum Continuous Device Dissipation — W 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


re 


lol 2 
Gea a Hae a a 


Ci) 
0 25 50 75 100) 125 150 
Te -— Case Temperature — °C 
FIGURE 2 
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TYPES A5T5058, A5T5059 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7011322, MAY 1970 


HIGH-VOLTAGE SILECTt TRANSISTORSt 
FOR GENERAL PURPOSE AMPLIFIER APPLICATIONS 
IN LINE-OPERATED CIRCUITS 


e Solid-State Relays 

e High-Voltage Inverters 

e Voltage Regulators 

e High-Voltage Indicator and Display Controls 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high- -humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


1— EMITTER 


+9.902 
0.017 999) DIA. 


3 LEADS 
3-—COLLECTOR 


. Lead diameter is not controtied in this creo. 


B. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions 
measured in the gaging plone 0.054 below the seating plane of the device relotive to 
a moximum-diometer packoge. 
. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


A5T5058 A5T5059 


Collector-Base Voltage . . Siete AE Sat ies ates em Be raid aw sates, cee bed Oda ARTS 300 V 250 V 
Collector-Emitter Voltage (See Note y Bee Wega, ae Mliste oes Seige HbR Rs Sy a el 300 V 250 V 
Emitter-Base Voltage 2. 6 6 ee ee ee 7V 6V 
Continuous Collector Current . . . . 2. +150 mA 
Continuous Device Dissipation at (or balows ‘95° c Free-Air Taiworseue ‘(See Note 2) .. +— 800 mw 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 3) . . a 12W —~ 
Continuous Device Dissipation at (or below) 25°C Case-and-Lead Temperature (See Note 4) <-—_ 1.6 W ———> 
Storage Temperature Range. . Ce ee ee ee ee ee = =65°C to 150°C > 
Lead Temperature 1/16-Inch from Cone for 10 Seconds ee ee ee 


NOTES: 1. These vatues appty between 0 and 30 mA collector current when the base-emitter diode is open-circuited. 
2... Derate linearly to 150°C free-air temperature at the rate of 6.4 mw/c. 
3. Derate linearly to 1 50°C lead temperature at the rate of 10 mw/°C, Lead temperature is measured on the collector lead 1/16 inch 
from the case. 
4. This rating applies with the entire case (including the leads) maintained at 25°C. Derate linearly to 150°C case-and-lead 
temperature at the rate of 12.8 mw/c, 
tTrademark of Texas Instruments 
Fu.s. Patent No. 3,439,238 USES CHIP N15 
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TEXAS INSTRUMENTS 4-369 
INCORPORATE 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPES A5T5058, AST5059 
N-P-N SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS ba 
MIN MAX 


ViBR)CBO Collector-Base Breakdown Voltage Ic =100uA, Ie =0 
VIBR}CEO Collector-Emitter Breakdown Voltage I¢=30mA, Ip =0, See Note 5 
o 


ASTS059 


|v 


ViIBR)EBO Emitter-Base Breakdown Voltage le =100nA, Ic= 7 Vv 
Veg = 100V, if =0 

' Collector Cutoff Ci 

'EBO Emitter Cutoff Current Vep=5V, Ic=0 yA | 
VcE=25V, Ic=5mA 
VcE=25V, I¢=30mA 

hre Static Forward Current Transfer Ratio Voce =25V, Ic¢= 100 mA | See Note 5 
VcE=25V, Ic =30mA 

v itter Vol | Voe=25V, t¢=30MA | a ots v 

BE Base-Emitter Voltage Ig =3mA, 1 = 30 mA See Note 


VcEtsat) Collector-Emitter Saturation Voltage Ig =3mA, I¢ =30mA, See Note S 


Smat!-Signat Common-Emitter 
VceE=25V, Ic=10mA, f=20MH 

IhFel Forward Current Transfer Ratio cE 7 . 

f= 1 MHz, 


See Note 6 


Veg =O5V, Ic=0, f=1MHz, 
Emitter-Base Capacitance 75 
See Note 6 
NOTES: 5. These parameters must be measured using pulse techniques. ty = 300 ys, duty cycle < 2%. 


6. Cop and Cap measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or collector, respectively) is connected to the guard terminal of the bridge. 


Vop=10V, '¢=0, 
Cob Collector-Base Capacitance "e e 


VcE=25V, I¢=30mA, 
Ta = —55°C 


THERMAL INFORMATION 


DISSIPATION DERATING CURVES 


Controlled Case-and-Lead 
Temperature 


Controlled Lead 
Temperature 


Controlled Free-Air 
Temperature 


P--—Maximum Continuous Dissipation—W 


0 25 50 75 100 125 150 
T—Temperature—°C 


FIGURE 1 
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TYPES 2N5086, 2N5087, A5T5086, A5T5087 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311921, MARCH 1973 


SILECTt TRANSISTORS} 
FOR LOW-LEVEL, LOW-NOISE AUDIO AMPLIFIER APPLICATIONS 


e For Complementary Use with N-P-N Types 2N5209, 2N5210, A5T5209, A5T5210 


e Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 
Pin-Circle Configuration 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 


deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


2N5086, 2N5087 


+0.00: 
alg 0.050 (NOTE A) | 0.160 Tol0as 
° 0.100 +0.005 
——— — 0.020 
0. 5 
25 
1 COLLECTOR 
t — 0.100 
+ 0.005 BASE 
L 0.200 EMITTER 
40.010 0.500 MIN 
-0.030 


0.050 = 0.005 3 LEADS 0.097 ba 


NOTES: A. Lead diameter is not controlled in this area. 
B. Atl dimensions are in inches. 


“ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


A5TS5086, AST5087 


1 ¢ +0.002 
0.017 * 991 DIA. 
' 3 LEADS 
0.500 MIN. i 


3-COLLECTOR 


Lead diameter is not controlled in this area. 
B. Leads having maximum diameter (0.019) shail be within 0.007 of their true positions measured 


in the gaging plane 0.054 below the seating plane of the device relative to a maximum- 
diameter package. 


C. Alt dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Collector-Base Voltage be Sy BR eae Om. Uh al Ge Ce Oe Ohi Si ak Bad ee BONE 
Collector-Emitter Voltage (See Note 1) 2 2 2 6 2 ee —50 v* 
Emitter-Base Voltage 


fete ae Sa. Ol Bos ohh, Gia eo Ris aby SON 
Continuous Collector Current tee ebb dk etn BR ghee, ahaa <= b0MAT 
; ah nas © f 625 mw& 
Continuous Device Dissipation at (or below) 25°C Free-air Temperature (See Note2) . .. .. +s - 310 mw* 
Storage Temperature Range 65°C to 150°CS 
g pe g Co te et +S BBG t0 135°C* 
oO 
Lead Temperature 1/16 Inch from Case for 10 Seconds BORD as orton coe Aine gon elated tales Posty far laws ae 


NOTES: 1, This value applies when the base-emitter diode is open-circuited. 
2, Derate the 625-mW rating linearly to 150°C free-air temperature at the rate of 5 mW/°C. Derate the 310-mW (JEDEC registered) 
rating linearly to 135°C free-air temperature at the rate of 2.82 mw/c. 


*The asterisk identifies JEDEC registered data for the 2N5086 and 2N5087 only. This data sheet contains all applicable registered data in effect 
at the time of publication. 


tTrademark of Texas Instruments ¥u.s. Patent No. 3,439,238 
§ ; 5 - " USES CHIP P18 
Texas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. 
TEXAS INSTRUMENTS 4-371 
INCORPORATED 


POST OFFICE BOX 5012 ¢ DALLAS. TEXAS 75222 


TYPES 2N5086, 2N5087, AST5086, A5T5087 
P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


Static Forward Current Transfer Ratio VceE=-5V, Ig=-imA 
VceE=-5V, I¢=—-10mA, See Note3 


VBE Base-Emitter Voltage VoeE=-5V, Ic=—-1mA 


VcElsat)  Collector-Emitter Saturation Voltage Ip=—~1mA, IG¢=—10MA, See Note 3 


bs Smatl-Signal Common-Emitter Vv EN IkeM4mal Fed 
e Forward Current Transfer Ratio CE ie men e 


fr Transition Frequency VcE=-5V, I¢=—500 uA, See Note 4 


Vep=-5V. le =0, = 140 kHz, 
Cob Collector-Base Capacitance ee e 
See Note 5 


*operating characteristics at 25°C free-air temperature 


2N5086 2N5087 
PARAMETER : TEST CONDITIONS ASTS086 AST5087_ | UNIT 


[MIN MAX | MIN MAX | 
ee = = 
FS BE 
f= 1 kHz 
= =o = 
Noise Bandwidth = 15.7 kHz, See Note 6 
NOTES: 3. These parameters must be measured using pulse techniques. ty = 300 us, duty cycle © 2%. 
4. To obtain fy, the (h¢g| response with frequency is extrapolated at the rate of —6 dB per octave from ft = 20 MHz to the frequency 
at which |h¢g|= 1. 
5. Cop measurament employs a three-tarminal capacitance bridge incorporating a guard circuit. The emitter is connected to the 
guard terminal of the bridge. 
6. Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency rolloff of 


6 dB/octave. 
"The asterisk identifies JEDEC registered data for the 2N5086 and 2N5087 only. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


P+—Maximum Continuous Device Dissipation—mW 


a 2 «= 80 75 00s 125—Ss«1580 
Ta—Free-Air Temperature—"C 


PRINTED IN U.S.A. 37 
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TYPES AST5172, A7T5172, A8T5172 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311770, FEBRUARY 1973 


SILECTt TRANSISTORS? 
FOR LOW-COST, GENERAL PURPOSE AMPLIFIER APPLICATIONS 
© Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 
Pin-Circle Configuration 


© A7T5172 is Plug-in Replacement for 2N5172 (TO-98 Package) 
mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


0.005 


. Lead diameter is not controlled in this area. 

. Leads having maximum diameter (0.019) shall be within 0.007 of their true 
positions measured in the gaging plane 0.054 below the seating plane of the 
device relative to a maximum-diameter package. 

. All dimensions are in inches. 


A7T5172, ABT5172 


ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


0.050 (NOTE A) =a 0.160 + 305s 


0.100 +9.005 A7T5172 A8T5172 
a 
0.100 7 
20.005 2 
oc he Ase on. ~]2 iid aees ’ ene 


3 aps 0.017 "9.003 


NOTES: A. Lead diameter is not controlled in this area. 
8B. All dimensions are in inches. 


A7T6172 | Emitter aia 
A8T5172 | Emitter 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage ike, oe AL A a ee oer he Ble aie Be ee ee 2B. 
Collector Emitter Voltage (See Note y eat say Late cay Gt Seco Bangin teteeaneas eoMar Se Miata. eiadv align, Sa Fat atten GeO. 
Emitter-Base Voltage 2 2. 6 6 6 ee ee ee te es dein Kol, Sn dy, Bot. Wh ese? Eee ee Ree ea tee . SOM. 
Continuous Collector Current . . woe eee ew ee 100MA 
Continuous Device Dissipation at (or below) 25° C Free-Air Temperature (See Note 2) eenerene ar . . 625mW 
Storage Temperature Range...) ee ee ee gee" Sat a Bo ape kas  g6° C to 150°C 
Lead Temperature 1/16 Inch from Case for 60 Seconds ocgat ehh oe Me cy eats On ated eta one ae ea: 260°C 


NOTES: 1. This vatue applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 5 mw/c. 


t Trademark of Texas Instruments 
tu.S. Patent No. 3,439,238 USES CHIP N21 


INCORPORATE 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


TEXAS INSTRUM ENTS 4-373 


TYPES AST5172, A7T5172, A8T5172 
N-P-N SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS | MIN MAX | UNIT | 
ViBR)CEO Collector-Emitter Breakdown Voltage Ic =10mA, Ig =0, See Note 3 


| 


Eaen 
cao Collector Cutoff Current ———SSSSCSCSCS~*dt Cg VOY 
Vee=5V, Ig=0 P1700 | 
hee Static Forward Gurrent Transfer Ratio | Veg 10V, I¢=10mA, SeoNow3 | 100 500 |_| 
Voe=10V, Ic=10mA, See Note3 | 08 12] V 


Small-Signal Common-E mitter 
Vogp=10V, I¢=10mA, f= 1 kHz 100 =750 
Me Forward-Current Transfer Ratio ce ¢ ze 
Vop = 10V, le =9, f =1 MHz 
Cc, Collector- Capacitai ‘ 
ch lector-Base Capacitance See Note 4 
4. Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the 


NOTES: 3. These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
‘guard terminal of the bridge, 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


P+—Maximum Continuous Device Dissipation—mW 


0 25 50 75 100 125 150 
Ta—Free-Air Temperature—°C 


FIGURE 1 


teers sh SS 
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TYPES 2N5209, 2N5210, AST5209, AST5210 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311922, JUNE 1973 


ILECTt TRANSISTORS! 
FOR LOW-LEVEL, LOW-NOISE AUDIO AMPLIFIER APPLICATIONS 


e For Complementary Use with P-N-P Types 2N5086, 2N5087, AST5086, A5T5087 
¢ Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mit 
Pin-Circle Configuration 
mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 


deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


2N652098, 2N56210 


0.050 (NOTE A) el 0.160 +383 


+0.005 
0.100 0.020 


COLLECTOR 


& BASE 
EMITTER 
0.050 = 0.005. 3 LEADS 0.017 *: $537 


NOTES: A. Lead diameter Is not controlled in this area. 
8. Ail dirnensions are in inches. 


“ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


_| 


NOTES: A. Lead diameter is not controlled in this area. 

B. Leads having maximum diameter (0.019) shalt be within 0.007 of their true positions measured 
in the gaging plane 0.064 below the sesting plane of the device relative to a maximum- 
diameter package. 

C. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Coliector-Base Voltage. 6 we ee ha ae Uh A mae hie aS atten te aes Jah area ...  §s0ov* 
Collector-Emitter Voltage (See Note 1). - - - -- +--+ eee fat ele das ay a at ak Seas & BONE 
Emitter-Base Voltage... 2 6 1 ee ee et es Salva G.tigttn at aifebige as Beare atv a SOG? 
Continuous Coliector Current . 2 6 2 1 ee ee ee ee 50 mA* 
Peak Collector Current 6 ww ee att abbenst ye. Sletay See oa 100 mA* 
Continuous Device Dissipation at (or below) 25°C Free-air Temperature (See Note2) ....... cea 
o oO 
Storage Temperature Range. ww ee es 65°C to 150°C8 


* 158°C to 135°C* 


oO 
Lead Temperature 1/16 Inch from Case for 60Seconds . . - - - ee ee ee ee aa 
NOTES: 1, This value applies when the base-emitter diode is open-circuited. 
2. Derate the 625-mW rating linearly to 150°C free-sir temperature at the rate of 5 mw/C. Derate the 310-mW (JEDEC registered) 
rating linearly to 135°C free-air temperature at the rate of 2.82 mw/c. 

“The asterisk identifies JEOEC registered data for the 2N5209 and 2N5210 only. This data sheet contains all applicable registered dats in 

effect at the time of publication. 
t Trademark of Texas Instruments. 
4U.S. Patent No. 3,439,238. 


STexae Instruments guarantees these values in addition to the JEDEC registered values which are also shown. USES CHIP N21 
TEXAS INSTRUMENTS 4-375 
INCORPORATED 


POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPES 2N5209, 2N5210, A5T5209, A5T5210 
N-P-N SILICON TRANSISTORS 


“elactrical characteristics at 26°C free-air temperature 


PARAMETER 


2N62090 2N6210 
AS5T5209 AST5210 
V(BR)CBO Collector-Base Breakdown Voltage Io= 100uA, Ip =0 


ge ima, “Ig=0, SeeNows | 60 | 60 | v_| 
Vop=36V, ie=0 2 1 
lepo Emitter Cutoff Current Vep=3V, Ic=0 i oe 
Voe=6V, ic = 100 uA 
Vce=5V, Ic=TmA p 150 | 280 
[Voe=SV,_ic=10mA, SesNotes | 160 


Vat Base Enitor Vorigs Vert BV-— Tee Ta rs 
Vc (sat) _ Collector-Emitter Saturation Voltage Ig=imA, Ic=10mA, SeeNote3 |  _o7[ a7f vi | 


fa Forward Current Transfer Ratio cE dee eee : SO 0: 
fT Transition Frequency VcE"5V, Ic=500uA, SeeNotes | 30 | 30 | Mhz | 


: Vep=5V, lE=0, TESTOR RH? 
C : ! 
cb Collector-Base Capacitance See Note 5 


4 | “operating characteristics at 25°C free-air temperature 
2N5209 2N65210 
A5T6209 | AST5210 | UNIT 
| MIN MAX | MIN MAX! 


Vce=5V, Ic=20HA, = 10 ke, 
F Spot Noise Figure ce=5 C= 20HA, Rg=10k2 
f=1kHz 
F VceE=5V, Ic=20uA, Ro=22kn, 
F Noi 
ee Noise Bandwidth = 15.7 kHz, See Note 6 


NOTES: 3. These parameters must be measured using pulse techniques. tw * 300 us, duty cycle < 2%, 
4. To obtain fy, the hfe response with frequency is extrapolated at the rate of —6 dB per octave from f = 20 MHz to the frequency 
at which |h¢g|= 1. 
5. Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit, The emitter is connected to the 
guard terminal of the bridge. 
6. Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency rolloff of 
6 dB/octave. 
“The asterisk identifies JEOEC registered data for the 2N5209 and 2N5210 only. 


THERMAL INFORMATION 


TEST CONDITIONS 


hee Static Forward Current Transfer Ratio 


PARAMETER TEST CONDITIONS 


DISSIPATION DERATING CURVE 


JEDEC Registered 4 


NN 
Pe EIN 
Q 26 50 78 100 12% «160 
Ta~Free-Air Temperature—"C 


P]—Maximum Continuous Device Dissipation—mW 


Sg OS nt aS, 


PRINTED IN U.S.A. 67: 
4-376 TEXAS, INSTRU IMENTS 
POST OFFICE ROX 6012 « DALLAS, TEXAS 76222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE, 


373 


TYPES 2N6218, A6T5219 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. OL-S 7311628, MARCH 1973 


SILECTt TRANSISTORS# 
@ For Low-Level, Small-Signa!, General Purpose Amplifier and Oscillator Applications 


e Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 
Pin-Circle Configuration 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


+0.005 
| 0.160 TO.038 
+0.005 
0.100 +0: 


couecton 
vy} Bast 


0.200 | : EMITTER 
8 eas 0.050 = 0.005: + ogee 


Ba 3 LEADS 0.017 ~ S.eg1 


NOTES: A. Lead diameter is not controlled in this area. 
8B. All dimensions are in inches. 


“ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


+0.007 


0.017 vO 99) OA. 


0.185 : 
= 0.005 3. COLLECTOR 


Lead diameter is not controlied in this area. 

B. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions measured 
in the gaging plane 0.064 below the seating plane of the device relative to a maximum- 
diameter package. 

. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage. 6 wwe ee ee Bat ite ns ain aeag? ae hte SP 7 att we veh true ins 20 v* 

Collector-Emitter Voltage (SeeNote 1). 2 2 6 6 ee 15 v* 

Emitter Geen VowaOe. ike ome nk ek ect SGN Se Gael WO Gee. eee We a 

Continuous Collector Current . . 2. 2. 2 ee ee ees bg Bae esa, hod, ee ge) a AOOMAS 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) a eae md 
oO oO 

Storage Temperature Range. 2 we “BC 10.04 
Oo 

Lead Temperature 1/16 inch from Case for 60 Seconds . . . . . . +: St eaten ae ere a She Bens noo ce 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate the 625-mW rating linearly to 160°C free-air temperature at the rate of 6 mW/C. Derate the 310-mW (JEOEC registered) 
rating linearly to 138°C free-air temperature at the rate of 2.82 mw/c. 
*The asterisk identities JEDEC registered data for the 2N5219 only. This data sheet contains all applicabie registered data in effect at the time 
of publication, 
Trademark of Texas Instruments. 
tU.S. Patent No. 3,439,238. 
§ Texas instruments guarantees these values in addition to the JEDEC registered values which are also shown. USES CHIP N21 


A 


TEXAS INSTRUMENTS 4-377 


INCORPORATED 
POST OPPICE BOX 8012 + DALLAS, TEXAS 78222 


TYPES 2N5219, AST5219 
N-P-N SILICON TRANSISTORS 


“electrical characteristics at 25°C free-air temperature 


Ic = 10 mA, 
lo = 10 mA, 
Small-Signal Common-Emitter 
Me Forward Current Transfer Ratio NGe MOM: IG 52 mA, 
VoE=10V, I¢=10mA, See Note 4 
Vop-10V,  Ie=0, 
See Note 5 


Cob Coltector-Base Capacitance 


NOTES: 3. These parameters must be measured using pulse techniques. ty ™ 300 ys, duty cycle < 2%. 
4. To obtain f+, the tel response with frequency is extrapolated at the rate of —6 dB per Octave from f = 40 MHz to the frequency 
at which fhge|= 1. 
5. Cop Measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the 
guard terminal of the bridge. 


* The asterisk identifies JEDEC registered data for the 2N5219 only. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


PS TK 
JEDEC Registered + 


0 25 50 76 100 125 = 150 
Ta—Free-Air Temperature—"C 


PT—Maximum Continuous Device Dissipation—mW 
> 
8 


PRINTED IN U.S.A. 373 
4-278 TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


373 


TYPES 2N5220, AST5220 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311920, MARCH 1973 


SILECTTt TRANSISTORS? 
FOR GENERAL PURPOSE AMPLIFIER AND LOW-POWER AUDIO APPLICATIONS 


© For Complementary Use with P-N-P Types 2N5221, A5T5221 


© Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 
Pin-Circle Configuration 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 


deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


2N5220 
0160 O0a3 
= Fee beh 
COUECTOR 


c= 
t ibe: BASE 
L220, of. 0.500 MIN. au = oT oa 
70.030 : : 0.050 = 0.005. 


3 teaps 0.017 * 9.007 


NOTES: A. Lead diameter is not controlled in this area. 
B. All dimensions are in inches. 


"ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


y it =a 0.017 re oor DIA. 


—as 
3 LEADS 


0.185 
0.005 neo 3- COLLECTOR 


Lead diameter is not controlled in this area. 

B. Leads having maximum diameter (0.019) shalt be within 0.007 of their true positions measured 
in the gaging plane 0.054 below the seating plane of the device relative to a maximum- 
diameter package. 

. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage. 6 we 15 V* 
Collector-Emitter Voltage (See Note 1). © 2 6 6 ee 15 Vv* 
Emitter-Base Voltage 6 6 6 6k 3v* 
Continuous Collector Current 2. 0 6 we 500 mA* 
; A eee ° : 625 mw§ 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 310 mwW* 
_65°C to 150°C§ 

Storage Temperature Range 4 55°C to 135°C" 
260°C 

Lead Temperature 1/16 Inch from Case for 60 Seconds { 230°C" 


NOTES: 1. This vatue applies when the base-emitter diode is open-circuited. 
2. Derate the 625-mW rating linearly to 150°C free-air temperature at the rate of 5 mw/*C. Derate the 310-mW (JEDEC registered) 
rating linearly to 135°C free-air temperature at the rate of 2.82 mw/°c. 
“The asterisk identifies JEDEC registered data for the 2N5220 only. This data sheet contains all applicable registered data in effect at the time 
of publication. 
t Trademark of Texas Instruments. 
tu.s. Patent No. 3,439,238. 


8 Texas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. USES CHIP N24 
rebate 
TEXAS INSTRUMENTS 4379 
INCORPORATED 


POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


TYPES 2N5220, A5T5220 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS pMIN- MAX | 
ViBR)CBO Collector-Base Breakdown Voltage Ig = 100 pA, le =0 fis] 
V(BR)CEO Collector-Emitter Breakdown Voltage I¢=10mA, Ig =0, SeeNote3 | 15 | 


ViBRIEBO Emitter-Base Breakdown Voltage fe = 100 nA, Ic =0 
IcBo Collector Cutoff Current Vop= 10V, le =O 
{eB0 Emitter Cutoff Current Vep=3V, Ic=0 a) 


VcE=10V,  I¢=10mA [25 
hee Static Forward Current Transfer Ratio To Ov, " = 50 mA 
0 


Vv 


¢ 
<]</</2 
= 


VBE Base-Emitter Voltage ig =15mA, !c=150mA, See Note 3 
VCE (sar Collector-Emitter Saturation Voltage ig = 15mA, Ic =150mA, See Note 3 


Small-Signat Common-Emitter 
h. VceE = 10V, I¢ = 50 mA, f=1kH 3 1800 
fe Forward Current Transfer Ratio CE c e } 30 1900] 
fy Transition Frequency VceE = 10V, Io = 20mA, See Note 4 


. Vcp=5V, le = 0, 1 MHz, 
Cob Collector-Base Capacitance 
See Note 5 


NOTES: 3. These parameters must be measured using pulse techniques, ty, = 300 us, duty cycle < 2%, 
4. To obtain fy, the |h¢g| response with frequency is extrapolated at the rate of —6 dB per octave from f = 20 MHz to the frequency 
at which jh¢e|= 1. 
5. Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the 
guard terminal of the bridge. 


*The asterisk identifies JEDEC registered data for the 2N5220 only. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


a ee ee 

Eee ies es ol 

ee ee ee 

JEDEC Registered fe ae 
ihe ~ 

| | | | RNA 


0 25 50 75 100 125 150 
Ta—Free-Air Temperature—°C 


P-7—Maximum Continuous Device Dissipation—mW 
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TYPES 2N5221, A5T5221 
P-N-P SILICON TRANSISTORS 


BULLETIN NO..DL-S 7311924, MARCH 1973 


SILECTt TRANSISTORS! 
FOR GENERAL PURPOSE AMPLIFIER AND LOW-POWER AUDIO APPLICATIONS 


e For Complementary Use with N-P-N Types 2N5220, AST5220 


© Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 
Pin-Circle Configuration 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


2N5221 


COLLECTOR 
BASE 
EMATTER 
0.050 = 0.005 3 teas 0.017 * 37 


NOTES: A. Lead diameter is not controlled in this area. 
B. Alt dimensions are in inches. 


“ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


Lead diameter is not controlled in this area. 

B. Leads having maximum diameter (0.0179) shail be within 0.007 of their true positions measured 
in the gaging plane 0.054 below the seating plane of the device relative to a maximum- 
diameter package. 

. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage 6 6 —15V* 

Collector-Emitter Voltage (See Note 1). 2 6 6 6 ee ee —15 V* 

Einitten-Gaee Voltage: sc: ota 6 Ste Bx hae Me De ee Se Ga ew ene es 

Continuous Collector Current. 2 0. ee ee ee eee ee S800 mA 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) . 2... - +: Cachet 
Oo Oo 

Storage Temperature Range 6 6 ee ee {eo Bees 
LO 

Lead Temperature 1/16 inch from Case for 6OSeconds . . - 2 2 6 ee ee es pale 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 


2. Oerate the 625-mW rating linearly to 150°C free-air temperature at the rate of 5 mW/°C. Derate the 310-mW (JEDEC registered) 
rating linearly to 135°C free-air temperature st the rate of 2.82 mW/°C. 


*The asterisk identifies JEDEC registered data for the 2N5221 only. This data sheet contains all applicable registered data in effect at the time 
of publication. 

t Trademark of Texas Instruments. 

$U.s. Patent No. 3,439,238. 

8 Texas instruments guarantees these values in addition to the JEDEC registered values which are also shown. USES CHIP P20 


TEXAS INSTRUMENTS 4.381 
INCORPORATED 
POST OFFICE BOX S012 ¢ DALLAS, TEXAS 75222 


TYPES 2N5221, AS75221 
P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


[| PARAMETER Sd SSCS CONDITIONS MIN MAX [UNIT] 
[ Visnyceo Collector Base Breakdown Volioge +i tg==100uA, Ip=0 td 
Ic=—10mA, Ip=0,_SeeNow3 [-18 | v_| 
lg = 100A, Ig=0 P=3 [vy 
Vop==10V, ie =0 [= 100] nA 
[tego Emitter Cutoff Current ————SSSS—*dtCie = 3 V, 1g | 100] na 
hee Static Forward Current Transfer Ratio ee eee 600 re 
ig==15mA, I¢=—150mA, Senos | 1a] V_| 


VcE(sat)__ Collector-Emitter Saturation Voltage Ip=-18mA, Io=-150mA, SeeNote3 | 0.5] V | 


Smail-Signal Common-Emitter 
h VcE=-10V, Ic=-—5O0mA, f= 1kHz 30 ©1800 
i Forward Current Transfer Ratio ce £ ie 


fr Transition Frequency VcE=-10V, Ic =-—20mA, See Note 4 


fe 
; Vep=-8V, iE=0, ane 
Cob Collector-Base Capacitance See Note 5 ; 


4. To obtain fy, the rel response with frequency is extrapolated at the rate of —6 dB per octave from f = 20 MHz to the frequency 


NOTES: 3. These parameters must be measured using pulse techniques. tw = 300 us, duty cycle < 2%. 


atwhich |nge|= 1. 
5. Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the 
guard terminal of the bridge. 


*The asterisk identifies JEDEC registered data for the 2N5221 only, 


4-382 . 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


P7—Maximum Continuous Device Dissipation—mW 


0 25 50 75 100 425 150 
Ta—Free-Air Temperature—°C 
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TYPES 2N5222, AGT5222 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311929, MARCH 1973 


SILECTt TRANSISTORS? 
© For RF Amplifier, Mixer, and Video IF Applications in Radio and Television Receivers 


© Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 
Pin-Circle Configuration 


mechanical data 


These transistors are encapsulated in a plastic compound specificatly designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


2N6222 


4 0.050 (MOTE A) 


+0.005 
0.100 _ 9.020 


es eer an 


NOTES: A. Lead diameter is not controlled in this area. 
B. All dimensions are in inches. 


3 wans 0.17 7 9.08? 


“ALL JEDEC T0-92 DIMENSIONS AND NOTES ARE APPLICABLE 


+0002 
0.017 960), OA. 


3- COLLECTOR 


Lead diameter is not controlled in this area. 

8. Leads having maximum diameter (0.019) shal! be within 0.007 of their true positions measured 
in the gaging plane 0.054 below the seating plane of the device relative to a maximum- 
diameter package. 

. Ail dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (untess otherwise noted) 


Colfector-Base Voltage ww 20 v* 
Collector-Emitter Voltage (See Note 1)... ...... Co pot nein e eiyeh weet ede soe THOME 
Emitter-Base Voltage Bee ee ar he Nang SR Le So Caen rane) MR he ish roel ohn Meno Werth es 2. asa ds OEM 
Continuous Collector Current... ww ee ee eg SOMAT 
Continuous Device Dissipation at (or below) 25°C Free-air Temperature (See Note 2) : 625 mw 8 
o Oo 

Storage TemperatureRange . . .. - 2 eee ae en ee eee eee 

260°C§ 
Lead Temperature 1/16 inch from Case for 6&0 Seconds - © © 6 6 ee ee es 230°C" 


NOTES: 1. This value applies when the bese-emitter diode is open-circuited. 
2. Derate the 626-mW rating linearly to 150°C free-air temperature st the rate of 5 mW/C. Derate the 310-mW (JEDEC registered) 
rating linearly to 138°C free-air temperature at the rate of 2.82 mw/C. 
*The asterisk identifies JEDEC registered data for the 2N5222 only. This data sheet contains all applicable registered data in effect at the time 
ef publication. 
t Trademark of Texas Instruments. 
£U.S. Patent No. 3,439,238. 
8 Texas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. USES CHIP N24 
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TEXAS INSTRUMENTS 4-383 
INCORPORATED 
POST OFPICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES 2N5222, A6T5222 
N-P-N SILICON TRANSISTORS 


“electrical characteristics at 26°C free-air temperature 


_——_anaweren_—S—S«dt Sr conITIONS in wax [onT 
[ Vianjeso CollectorBave Breakdown Voltas ‘| e=100WA, eso TOC 
[Vigayceo Collector mitier Breakdown Voltage | io= mA, ig=0,__ SeeNow3 | 18 | V_ 
[Vigrieao EmitterBue Breakdown Voltage ‘| le=100uAic=0 SS? dV 
HTeso Collector Gutort Current] Veg=10V,_te=0 | 100] aa | 
igso Emitter Gutofl Gurrent_____] Vep=2V,t¢=0 | 100] na] 
[hee State Forward Gurrent Transfer Ratio] Vee =10V,Ig=4mA,_SeeNow3 | 901000] | 
[Vee SemeEmitwe Voltoge «dt Ig OAmA, Ie ama 
VE eat) _ Collector Emitter Seturtion Votiane Pig=o4ma, tc=ama Tt VY 


hee 
VBE 


hfe 

fr Transition Frequency Voce = 10V, lo=4mA, See Note 4 1450 | MHz | 
Y V 

Ceb Collector-Base Capacitance See Note 5 


rota Coteus Em 
VceE = 10V, Io =4mA, f= 1kH 20 3000 
Forward Current Transfer Ratio cen tON orm = 


These parameters must be measured using pulse techniques, ty, = 300 us, duty cycle < 2%. 


. To obtain fr, the frgg| response with frequency is extrapolated at the rate of —6 dB per octave from f = 100 MHz to the frequency 


at which f¢g|= 1. 


» Cop Measurement employs a three-terminal capacitance bridge incorporating a guard circult, The emitter is connected to the 


guard terminal of the bridge. 


*The asterisk identifies JEDEC registered data for the 2N5222 only. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


BN Ti Guaranteed a 
cai ; 


Bis Se ae 
»< as 

JEDEC Registered NY NO] 
it) 25 50 76 100 125 150 
Ta—Free-Air Temperature—"C 


P7—Maximum Continuous Device Dissipation—mW 


4-384 
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TYPES 2N5223, AST5223 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. OL-8 7311930, MARCH 1973—REVISED DECEMBER 1973 


SILECTt TRANSISTORS? 


e For Low-Level, Smail-Signal, General Purpose Amplifier and Oscillator Applications 


e Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mit 
Pin-Circle Configuration 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to tight. 


0.050 (NOTE A) 0160 +e 
+0.005 
0100 The wie +9008 


COLLECTOR 
Gase 


{  S——— 0.100 
[etal 0.500 MIN. ae ae my 


2 tsans oor * 9.00? 
NOTES: A, Lead diameter is not controlied in this area. 
B. Alt dimensions are in inches. 
“ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 
AST5223 


0.015 
{NOTE A) 
+0.002 


: 
Ty —— 
atte tet 
———— 0.017 “9991, OA. 


rt ee oe ce 


0.005 3. COLLECTOR 


0.050 TP. 


0.100 T.P.. 


Lead diameter is nat controlled in this area. 

B. Leads having maximum diameter (0.019) shal! be within 0.007 of their true positions measured 
In the gaging plane 0.054 below the seating plane of the device relative to a maximum- 
diameter package. 

. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage 6 ww wk 25 Vv” 
Collector-Emitter Voltage (See Note 1). 000 2 ee ee ee 20 v* 
Emitter-Base Voltage oe ce in igi hacer ah Bake VAS Ran INE aa cg, toed AY Ale tii Sona tid ONE 
Continuous Collector Current. 6. wk ke ee ee ee (100 mAT 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) ....... G26 mug 

“65°C to 150°C 
Storage Temperature Range ww ww {55°C to 100°C" 
Lead Temperature 1/16 Inch from Case for GEO Seconds © 6 6 6 ee ee et 2e0-c8 


NOTES: 1. This value eppliies when the base-emitter diode Is open-circuited. ‘ 
2.Derate the 626-mW rating tlnearly to 150°C free-air temperature at the rate of 5 mW/C. Derate the 350-mW (JEDEC regietered) 
rating linearly to 180°C free-air tumperature at the rate of 2.8 mW/°C, 
*The asterisk identifies JEDEC regletered data for the 2NS223 only. This data sheet contains all applicable registered data in effect at the time 
of publication, 
ttrademark of Texas instruments, 
$U,8, Patent No. 3,439,238. 
8 Texas Instruments guarantess these values In addition to the JEDEC registered values which are also shown, 


uses corp N21 
Snel 
TEXAS INSTRUMENTS 4-385 
INCORPORATED 


POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75282 


TYPES 2N5223, A5T5223 
N-P-N SILICON TRANSISTORS 


“electrical characteristics at 25°C free-air temperature 


ig=100uA, Ig =0 Pas 
[ Vigriceo Coilector-mitter Breakdown Voluge | 'o=1mA, Ig=0,_SeeNow3 | 20 
[ViprieBo EmitwrBeen Breakdown Voliows | le=100uA,Ig=0 SSS 
[100] 
|___— 500 | 


IcBO Collector Cutoff Current Vee = 10V, le =0 
Veg=3V, Ic =0 


}MIN MAX [U 


teEBo Emitter Cutoff Current 

here Static Forward Current Transfer Ratio Voce = 10V lo=2mA, See Note 3 
VBE Base-Emitter Voltage Ig =1mA Ic=10mA, _SeeNote3 [1.2 | 
VcE(sat) _ Collector-Emitter Saturation Voltage Ig =1mA, I¢ = 10 mA, See Note 3 


Smatt-Signal Common-Emitter 
h Vce = 10V, lo=2mA, f= 1kH: 50 1600 
fa Forward Current Transfer Ratio ce 10 c a z = 


fr Transition Frequency VcE=10V, ic¢=10mA, See Note 4 
f= 1 MHz, 


Collector-Base Capsci ee 10, | ea 
Cob lector-Base Capacitance See Note 5 


NOTES: 3. These parameters must be measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
4. To obtain fy, the Mel response with frequency is extrapolated at the rate of —6 dB per octave from f = 40 MHz to the frequency 


at which fgg! = 1. 
5. Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the 


guard terminal of the bridge. 


*The astorisk identifies JEDEC registered data for the 2N6223 only, 


THERMAL INFORMATION 


DISSIPATION DEHATING CURVE 


P7—Maximum Continuous Device Dissipation—mW 


0 25 50 75 100 425 160 
Ta—Free-Air Temperature—°C 
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TYPES 2N5225, AST5225 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311925, MARCH 1973 


f t TRANSISTORS? 
FOR MEDIUM-CURRENT AUDIO AMPLIFIER APPLICATIONS 


@ For Complementary Use with P-NP Types 2N5226, AST5226 


© Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 
Pin-Circle Configuration 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 1068. The transistors are insensitive to light. 


2N5225 


COUECTOR 
0.100 
=0.005 base 
EMITTER 


0.050 = 0.005. 3 uaos 0.017 * 9.80? 


NOTES: A. Lead diameter is not controlled in this area. 
B. All dimensions are in inches. 


*ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


+0.002 
0.017 “9991 OA. 


Lead diameter is not controlled in this area. 

B. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions measured 
in the gaging plane 0.054 below the seating plane of the device relative to a maximum- 
diameter package. 

. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage 6 6 wwe 25 v* 
Collector-Emitter Voltage (See Note 1). 2 6 6 ee ee ee ee ee ee 25 VE 
Emittor-Base Voltage’. 3 808 6 Sct ek eee ee oe ee ga AVE 
Continuous Collector Current. 0 6. ee ee ee ee ee» (500 mA* 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2)... 2... cll 

—65°C to 150°C8 
Storage Temperature Range at 58°C to 136° c* 
Lead Temperature 1/16 Inch from Case for 60 Seconds . 2 © - - ee es pie 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate the 625-mW rating linearly to 150°C free-air temperature at the rate of 5 mw/C. Derate the 310-mW (JEDEC registered) 
rating linearly to 135°C free-air temperature at the rate of 282 mw/*c. 
*The asterisk identifies JEDEC registered data for the 2N5225 only. This data sheet contains all applicable registered data in effect at the time 
of publication. 
tT Trademark of Texas Instruments. 
tu.s. Patent No. 3,439,238. 
8 texas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. USES CHIP N24 
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TEXAS INSTRUMENTS 4-387 
INCORPORATED 
POST OFFICE BOX $012 e DALLAS. TEXAS 75222 


TYPES 2N5225, AS75225 4 
N-P-N SILICON TRANSISTORS | 


*electrical characteristics at 25°C free-air temperature 


[rr aaeren | Fes connrrions Twn wax Ju 
[Vianieeo ColectorBase Breakdown Votwe _[le=100uA, te=0 Sidi 
P| 
Pt 
aa) 


VcE = 10V, Ico = 10 mA 
Static Forward Current Transfer Ratio See Note 3 
Vce = 10 V, I¢ = 50mA 


hFE 
VBE Base-Emitter Voltage Ig = 10 mA, I¢=100mA, See Note 3 
VcE(sat) _ Collector-Emitter Saturation Voltage Ig = 10mA, I¢=100mA, See Note 3 


Smati-Signal Common-Emitter 
h i Vce = 10V, Ic = 501A, f= 1kH 30 ©1800 
fe Forward Current Transfer Ratio CE c i i 


ft Transition Frequency VceE = 10V, Ig = 20 mA, See Note 4 a 


Vesp=5V, le =0 f =1 MHz, 
Cc Collector-Base Capacitance 7 
‘cb @ Capi See Note 5 


NOTES: 3. These parameters must be measured using pulse techniques. tw = 300 us, duty cycle < 2%. 
4. To obtain fy, the |h¢g| response with frequency is extrapolated at the rate of —6 dB per octave from f = 20 MHz to the frequency 
at which |h¢g|= 7. 
5. Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the 
guard terminat of the bridge. 


*The asterisk identifies JEDEC registered data for the 2N5225 only. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


JEDEC Registered joe 
Lia anaey edell e 
Le see a 
i 
25 50 


75 100 125 150 
Ta—Free-Air Temperature—°C 


A 


P+—Maximum Continuous Device Dissipation—mW 
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TYPES 2N5226, A5T5226 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311923, MARCH 1973 


SILECTt TRANSISTORS{ 
FOR MEDIUM-CURRENT, AUDIO AMPLIFIER APPLICATIONS 


e For Complementary Use with N-P-N Types 2N5225, AST5225 


© Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 
Pin-Circle Configuration 
mechanical data 
These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 


deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


0.080 (NOTE A) 
+0.005 
[ 0.100 _ 0.020 


= 0.005 


4 ——— | 0.100 ‘BASE 


| Sg al — ose me 


EARITVER 
0.050 = 0.005. 2 1eans 0.017 + br 


NOTES: A. Lead diameter is not controlled in this area. 
B. All dimensions are in inches. 


“ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


NOTES: A. Lead diameter is not controlled in this area. 

8. Leads having maximum diameter (0.019) shali be within 0.007 of their true positions measured 
in the gaging plane 0.054 below the seating plane of the device relative to a maximum- 
diameter package. 

C. Alt dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Cotlector-Base Voltage. 7 we ee et goth a tel Gio. @ Byte ve a aT 

Collector-Emitter Voltage (See Note 1)... ...... pee Lie alee AA tae ee Cake bh BS 

Emitter-Base Voltage a a tencges 968 estas CE, Gen: vad cae Manes J het te2 —4v"* 

Continuous Collector Current . 2... 2... 2 ee ee Ce ee ee ee ee ew ee 6 600 mA 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) .......- 625 mW 
oO oO 

Storage Temperature Range 6 ww ea 
oO 

Lead Temperature 1/16 Inch from Case for GO Seconds .... . eaten, Toe et ere ae a tal a arse Bal 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate the 625-mW rating linearly to 150°C free-air temperature at the rate of 5 mW/°C. Derate the 310-mW (JEDEC registered) 
rating linearly to 135°C free-air temperature at the rate of 2.82 mw/c. 
*The asterisk identifies JEDEC registered data for the 2N5226 only. This data sheet contains alt applicable registered data in effect at the time 
of publication. 
t Trademark of Texas Instruments. 
TU.S. Patent No. 3,439,238. 


8 Texas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. USES CHIP P20 
ee nennmennemmemel 
TEXAS INSTRUMENTS 4.389 
INCORPORATED 


POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPES 2N5226, A5T5226 
P-N-P SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


Pv 
ig ==100HA, Io =a 


IcBo Collector Cutoff Current Vop=—15V, lt¢=0 | 300] 
leBo Emitter Cutoff Current Vep=-4V, Ic=0 | ~500 | 


pA | 
Vc—E=-10V, Ic=—10mA 
: ae | Vce=-10V, Ic=—10mA | 
Static Forward Current Transfer Ratio VcE=—10V, 1¢=—50 mA See Note 3 30 


< 


FE 
VBE Base-Emitter Voltage tB=-10mA, I¢=—100mA, See Note 3 Vv 
VcE(sat)  Collector-Emitter Saturation Voltage Ig=-10mA, Ic¢=—100mA, See Note 3 


: Small-Signal Common-Emitter 
h. VcE=-10V, i¢=—-50mA, f=1kH 30 
7 Forward Current Transfer Ratio ce = fk : 


fT Transition Frequency VcE=-10V, Ic=—20mA, See Note 4 | 50 
Vep=-5V, le=0, =1 kHz, 
Cob Collector-Base Capacitance Se : 
See Note 5 


NOTES: 3. These parameters must be measured using pulse techniques. tw = 300 us, duty cycle < 2%. 
4. To obtain fy, the Peel response with frequency is extrapolated at the rate of —6 dB per octave from f = 20 MHz to the frequency 
at which |h¢gj= 1. 
5. Cop Measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the 
guard terminal of the bridge. 
*The asterisk identifies JEDEC registered data for the 2N5226 only. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


P7—Maximum Continuous Device Dissipation—mW 


0 25 50 75 100 125 150 
Ta—Free-Air Temperature—°C 
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TYPES 2N5227, AST5227 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311927, MARCH 1973 


SILECTTt TRANSISTORS? 
e For Low-Level, Small-Signal, General Purpose Amplifier and Oscillator Applications 


e Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 
Pin-Circle Configuration 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


2N6227 


0.080 (NOTE A) 


3 ceans 0.017 * 880? 


NOTES: A. Lead diameter is not controlled in this area. 
B. All dimensions are in inches. 


“ALL JEDEC T0-92 DIMENSIONS AND NOTES ARE APPLICABLE 


+0.002 
0.017 Oo og1 DA. 


Lead diameter is not controlled in this area. 

8. Leads having maximum diameter (0.019) shal! be within 0.007 of their true positions measured 
in the gaging plane 0.054 below the seating plane of the device relative to 9 maximum- 
diameter package. 

. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage 6 ww -30 v* 

Collector-Emitter Voltage (See Note 1). . 2. 6. - eee fla BoE Go he bide Eo iin a PONE 

Emitter-Base Voltage. 6 2. ee gt Sie? the os alee chntahothhenindiele fa ates ae SIG 

Continuous Collector Current . 2... 2. - ee ee BP Bos ee aie ee ha Se BO MAS 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (SeeNote2) ..... =. G25 mw§ 
tJ Oo 

Storage Temperature Range ww eee lees 
oO 

Lead Temperature 1/16 Inch from Case for 60 Seconds . ©. - 6 ee ree 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Oerate the 625-mW rating linearly to 150°C free-air temperature at the rate of 5 mW/C. Derate the 310-mW (JEDEC registered) 
rating linearly to 138°C free-air temperature at the rate of 2.82 mw?c. 
*The asterisk identifies JEDEC registered data for the 2N5227 oniy. This data sheet contains all applicable registered data in effect at the time 
of publication, 

ttTrademark of Texas Instruments. 

+U.S. Patent No. 3,439,238. 

8 Texas instruments guarantees these values in addition to the JE DEC registered values which ere also shown. USES CHIP P18 
enn 


Texas INSTRUMENTS 4-301 


NCORPORATED 
POST OFFICE BOX 6012 ¢ DALLAS, TEXAS 75222 


TYPES 2N6227, A&T5227 
P-N-P SILICON TRANSISTORS 


“electrical characteristics at 25°C free-air temperature 


NOTES: 3. 
4 


PARAMETER TEST CONDITIONS /MIN MAX] UNIT] 
ViBRICBO Collector-Base Breakdown Voltage lo =—-100 4A, Ie =0 
Vier Q Collector-Emitter Breakdown Vol tage io =-1 mA, ig = 0, See Note 3 


BR ic=0 
BO Collector Cutoff Current Vep2-10V, te=0 
leBo Emitter Cutoff Current Vep*-2V, ic=0 


hre 


BO Emitter-Base Breakdown Voltege Ie = —100 nA, | -3 


=— Iq = —100 pA 
Static Forward Current Transfer Ratio Vce Le la See Note 3 
Vc—E=-10V, Io=—2mA 50 7 


8 


Base-Emitter Voltage 


These parameters must be measured using pulse techniques. ty = 300 us, duty cycle < 2%. 

To obtain f+, the tel tesponse with frequency is extrapolated at the rate of —6 dB per octave from f = 20 MHz to the frequency 
at which |hgg|= 1. : 

Cop Measurement employs a three-terminal capacitance bridge incorporating a guard circult. The emitter is connected to the 
guard terminal of the bridge. 


* The asterisk identifies JEDEC registered data for the 2N5227 only. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


ee re 
i SS 


0 25 650 76 100 126 150 
Ta—Free-Air Temperature—C 


P-+—Maximum Continuous Device Dissipation—mW 


4-392 


PRINTED IN U.S.A. 373 
TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE BOX $012 « DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO [MPROVE DESIGN AND FO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N5245 THRU 2N5247 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO, DL-8 6810917, SEPTEMBER 1968 


N-CHANNEL SILECT} FIELD-EFFECT TRANSISTORS 
FOR VHF AMPLIFIER AND MIXER APPLICATIONS 


High Power Gain... 10 dB Min at 400 MHz 

High Transconductance ... 4000 .zmho Min at 400 MHz (2N5245, 2N5247) 
Low C,,,...1 pF Max 

High |ys|/Cu. Ratio (High-Frequency Figure-of-Merit) 

Drain and Gate Leads Separated for High Maximum Stable Gain 
Cross-Modulation Minimized by Square-Law Transfer Characteristic 

For Use in VHF Amplifiers in FM, TV, and Mobile Communications Equipment 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation, These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 1068. The transistors are insensitive to light. 


*CASE OUTLINE 


NOTES: A. Lead diameter is not controlled in this area. 
6 lends having mazienom diameter (0.919) shal he within 0.067 of shel tree positions 
below the seating plane of the device reletive te 


6. All dimensions are in inches. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage 2. 6 6 6 we ee ee te ee ee ee ee 30 V 
Reverse Gate-Source Voltage . 2 6 6 6 6 ee et et ee ee ee ee ee OV 
Continuous Forward Gate Current. . . » ew « 5OmA 
Continuous Device Dissipation at (or below) 25°C Free-Air Teriperaturs (See Note ). . eo « » 360 mW 
Continuous Device Dissipation at (or below) 25°C Lead oe (See Note 2). . . . . . SOmW 
Storage Temperature Range. . . . PP -)- be Ok -T-* bd © 
Lead Temperature % inch from Case (oe 10 Seconds a EE cay telten Wes seal a abe eee So SBOP 


WOTES: 1. Derate Vinserly to 150°C iree-alr temperature ot the rete of 2.08 m¥#/°C, 

2, Derete linearly te 150°C lead temperature at the rate of 4 mW/ °C, Lead temperature is measured on the gote lead 1/16 Inch from the cass. 
*indleates JEDEC registered deta 
TTrademerk of Texos instruments 


$U.8. Patent No. 3,439,238 
USES CHIP JNES 


a a SS a 


TEXAS INSTRUMENTS 4.303 


tNCORPORAT 
POST OFFICE BOX 5012 « ae TEXAS 75222 


TYPES 2N5245 THRU 2N5247 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


less Gate Reverse Current Ves = —20¥, Vos = 0, T= 100% 


Vesto Gote-Source Cutoff Voltage Yos = 15.V, Ip = 100A 5 
loss Zero-Gate-Voltage Drain Current | Vos = 15 V, Vos = 0, SeeNote3 | 5 15] 


1 
Small-Signal Common-Source _ _ = 
Ir Forward Transfer Admittance Yos = 15 ¥, Vos = 0, f= 1 kHz 45 
Small-Signal Common-Source x _ - 
Yor! Output Admittance Vos = 15¥, Vos=0, f=1 kHz 
Common-Source Short-Circult 
Input Copacitance 
¢ Common-Source Short-Circuit 
he Reverse Transfer Capacitance 


Small-Signal Common-Source 


Re(ys) Input Conductance 
Small-Signal Common-Source 

Imn(yis) Input pier 

Relya«) Small-Signal Common-Source 
Output Conductance 

Ime) Small-Signal Common-Source 
Output Susceptance 
Small-Signal Common-Source 

Re(yis) Ing j Condocones 

Small-Signat Common-Source 

Input Susceptance 

Rely) Small-Signal Common-Source 
Forward Transfer Conductance 

Rely a) Small-Signal Common-Source 
Output Conductance 

Small-Signal Common-Source 

Output Susceptance 


Im(yis) 


In(Yox) 


NOTE 3: This poremeter must be measured using pulse techniques, ty = 100 ms, duty cycle Ss 10%. 


*operating characteristics at 25°C free-air temperature 


TEST CONDITIONS 


Vos = 15¥, Ip =5mA, fF = 100 Mitz, 
Smoll-Signal Common-Source Re’ = 10, See Figure 7 
Neutralized Insertion Power Gain. | Vos = 15¥, Ip =SmA,  f = 400 Miz, 


Re = 1k, See Figure 1 
Yos=15V, Ip =5mA, f= 100 MHz, 
Re’ = 1kN, See Figure 1 
Yos = 15V, Ip = 5mA,_ f = 400 MHz, 
Re’ = 1k, See Figure 1 


Spot Noise Figure 


"Indicates JEDEC registered data’ 


4-394 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


TYPES 2N5245 THRU 2N5247 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


*PARAMETER MEASUREMENT INFORMATION 


niaa alae be C 
FROM 50-Q 


SOURCE 


—“~ 

t 

i} 

1 
—L 
vans 

i} 

! 

> 

8 

= 

r 


Zz 

G | notused | 8.5 T, #16 copper, tapped 2.5 T 1.25 T, #20 copper, 3/16” ID, 
| 7 pF from bottom, 3/8” ID, 11/4” long 3/8” long 
| 1-12pF | 08-8 pF 

15 1, 0 ene om, 41, #20 mod ore, 

be | close-wound, 1/4” 1D close-wound, 3/16” 1D 

PG | i-i2pF | 08-8 pF 

PG { notued [TF 13.5 T, #16 copper, topped 5 T 0.5 T, #20 copper, 1/2” ID, 
a from bottom, 3/8” ID, 1 1/4” long no length 


FIGURE 1 ~ SCHEMATIC AND COMPONENT INFORMATION FOR 100-MHz AND 400-MHz 
NEUTRALIZED INSERTION POWER GAIN AND SPOT NOISE FIGURE TEST CIRCUITS 


*Indicates JEDEC registered data 


TYPICAL CHARACTERISTICS 


2N5245 
CORRELATION OF SMALL-SIGNAL COMMON-SOURCE 
ALL TYPES FORWARD TRANSFER ADMITTANCE and 
GATE REVERSE CURRENT GATE-SOURCE CUTOFF VOLTAGE 
vs with 
FREE=AIR TEMPERATURE INDIVIDUAL DEVICE ZERO-GATE-VOLTAGE DRAIN ee 


ll 


\ 
\ 


L 


ite Reverse Current — nA 
WN 


& -0.01 


2 
E 
I 
E 
= 
2 
& 
g 
ny 
3 
5 
1 


TA TTT 
SS 
— 
SSS ET 
A Ce 
eS eS 
eS ee 
[= 


0 
25 50 75 100 125 5 6 7 8 9 10 WW 12 W 14°15 
Ta — Free~Air Temperature — °C Ipss — Zero-GateVoltage Drain Current — mA 
FIGURE 2 FIGURE 3 
869 PRINTED IN U.S.A. 
TI cannot assume any responsibility for any circuits shown 
or represent that they are free from patent infringement. TEXAS IN ST RUM ENTS 4-395 
INCORPORAT 
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TYPE 2N5248 


N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTOR 


BULLETIN NO. DL-S 6811052, SEPTEMBER 1968 


SILECTT FIELD-EFFECT TRANSISTOR? 
FOR VHF AMPLIFIER AND MIXER APPLICATIONS 


@ Low Crsg: < 2 pF 
@ High yfs/Cjss Ratio (High-Frequency Figure-of-Merit) 
e Formerly TIS34 


‘mechanical data 


This transistor is encapsulated in a plastic compound specifically designed for this purpose, using a highly mechanized 
process developed by Texas Instruments. The case will withstand soldering temperatures without deformation. This 
device exhibits stable characteristics under high-humidity conditions and is capable of meeting MIL-STD-202C, 


Method 106B. The transistor is insensitive to light. 


*ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 
ALL DIMENSIONS IN INCHES 
0.050 (NOTE A) 


4 
4 *absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage. . . . .. .- 
Reverse Gate-Source Voltage. 2. 2. 2 16-1 we ew ee ee ee 
Continuous Forward Gate Current . 2. . 2. 1 1 wee ee ee ee 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) 
Storage Temperature Range. . . . . - 2. 1 6 ee ee ee ee 

Lead Temperature % Inch from Case for 10 Seconds . . . . 2... 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
PARAMETER 


Visryess Gate-Source Breakdown Voltage le = 


less Gate Cutoff Current 


Vesiorn _Gate-Source Cutoff Voltage 
Ves Gate-Source Voltage 
loss Zero-Gate-Voltage Drain Current Ves = 0, See Note 2 
Small-Signal Common-Source Yes = 0 
Ive Forward Transfer Admittance a ae 
Yeu! pray rebel Vos = 15¥, VYos=0, f= 1 kHz 
Common-Source Short-Grevit 
Css Input Capacitance 
Gus Common-Source Short-Grevit 
Reverse Transter Capacitance 
Small-Signal Common-Source 
Rely) input Conductance 
Small-Signal Common-Source 
Rely) facwasd War Conductance Yos= 15¥, Ves = 0, 
Re Small-Signal Common-Source 
(Yee) Output Conductance 
NOTES: 1. Derate linearly to 150°C free-air temperature at the rate of 2.88 mw/c. 
2. These parameters must be measured using pulse techniques. ty, = 100 ms, duty cycle < 10%. 
*indicates JEDEC registered data 


T Trademark of Texas Instruments 
U.S. Patent No. 3,439,238 


Yos = 15V, Vos = 0, 


| 65°C to 150°C 
DS. 260° 


. 30V 
. ~30V 
. 10 mA 
360 mW 


60°C 


USES CHIP JN51 


PRINTED IN U.S.A 
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TYPE 2N5332 
P-N-P SILICON TRANSISTOR 


BULLETIN NO. DL-S 6810830, SEPTEMBER 1968 


RADIATION-TOLERANT TRANSISTOR FOR SWITCHING 
AND GENERAL PURPOSE VHF-UHF AMPLIFIER 
APPLICATIONS 


e Guaranteed leso, hee, and Vcetean after 1x10"° Fast Nevtrons/cm? 
e Complement to N-P-N type 2N5399 


description 
The 2N5332 transistor offers a significant advance in radiation-tolerant-device technology. Unique con- 


struction techniques produce transistors which maintain useful characteristics after fast-neutron radiation 
fluences through 10'* n/cm’. 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE. 


ALL JEDEC 70-46 DIMENSIONS 
AND NOTES ARE APPLICABLE. 


FU\ guoranteed minimum. The JEDEC registered minimom lead diemeter for the 10-46 is 0.012. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage. 2. 6 1 6 1 we ke ee ee ee ee ee ew ee ew HOV 
Collector-Emitter Voltage (See Note 1) 2... 6 6 1 6 ee ewe ee ee ww ew HIV 
Emitter-Base Voltage . 2. 2 6 1 ee ee te we ee ew ee ee ele HAV 
Continuous Collector Current. 2. 6. 2 6 6 6 ee ee ew ee ww ww we ew 100 MA 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) . . . 360mW 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3). . . . . . 1.2W 
Storage Temperature Range 2. 1-1 eee ee tw we ww we OSPE to 200°C 
Lead Temperature % Inch from Case for 10 Seconds . - « 300°C 


NOTES: 1. This value applies between 0 ond 100 mA collector current when the base-emitter diods is open-circvited. 
2. Derate linearly to 175°C free-air temperature at the rate of 2.4 mW/dog. 
3. Derate linearly to 175°C case temperature at the rate of 8 mW/deg. 


“Indicates JEDEC registered data 


T EXAS INSTRUMENTS 4-397 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPE 2N5332 
P-N-P SILICON TRANSISTOR 


4-398 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


Viericeo Collector-Base Breakdown Voltage 
Viericeo Collector-Emitter Breakdown Voltage | 1o = —l0 mA, I, = 0, 


Visrjeso Emitter-Base Breakdown Voltage k=—-l0pA, Ic =0, 


| Collector Cutoff Current Ves = -15V, le =0, 


CBO 
lero — Emitter Cutoff Current 


TEST CONDITIONS 
lg =-10 pA, fe =0 


, te = —l0mA 
Vee = -1V, Ic = —20 mA 
Vee = —1, Io = —20mA, Ta = —55°C 
Vee = -5Y, ic = —50 mA 

—4 mA, lc = —20 mA, 

" le = —20 mA, 

,  \Ie=—l0mA, ff = 100 Miz 
A Ilo = —50 mA, f = 100 MHz 
f = 1 MHz, See Note 6 
f = 1 MHz, See Note 6 


h Static Forward Current 
a Transfer Ratio 


Base-Emitter Voltage 
Veejsary Collector-Emitter Saturation Voltage 
the Small-Signal Common-Emitter 
Forward Current Transfer Ratio 
Collector-Base Capacitance 
Emitter-Base Capacitance 


RADIATION 
PARAMETER TEST CONDITIONS FLUENCE: MIN MAX | UNIT 


leno Collector Cutoff Current Vop = —-I5V, k= 0 
bre Static Forward Current Transfer Ratio | Vce = —2 V, le = —20 mA, 
Vcetsary _ Collector-Emitter Saturation Voltage | |; = —4 mA, = —20 mA, See Note 4 


NOTES: 4, These parameters must be measured using pulse techniques. tp = 300 ys, duty cycle < 2%. 


5. The applicable test methods of MIL-STD-750A are recommended for testing all parameters; however, due to the unusual construction of this device, it is particularly 
important to observe the test procedures detailed in Method 3026.1 for testing Visayego- The voltage shall be gradually increased from zero until either the 2-V limit 
or the 10-4 test current is reached. The device is acceptable if 2 ¥ is reached before the test current exceeds 10 A. 


& Cep and Cob measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter or collector, respectively) is con- 
nected to the guard terminal of the bridge. 


Radiation is fast neutrons (n) at E > 10 keV (reactor spectrum). 


*switching characteristics at 25°C free-air temperature 


ts Delay Time Veo = -3 V, te = -20mA, Ian) = 4 mA, 
t, Rise Time Vector) = 0.7 V, See Figure 1 


ts Storage Time Veo = 3, lc = —20mA, Iai) = —4 mA, 
te Fall Time 


laa = 4 mA, See Figure 1 
FVoltoge and current values shown are nominal; exact values vary slightly with transistor and diode parameters, 


*tndicates JEDEC registered data 


TEXAS INSTRUMENTS 
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TYPE 2N5332 
P-N-P SILICON TRANSISTOR 


*PARAMETER MEASUREMENT INFORMATION 


% <\ns ts Ins 


TEST CIRCUIT FIGURE 1 VOLTAGE WAVEFORMS 


NOTES: ©. The input waveform Is supplied by © generator with the following characteristics: Zot = $00, tp > 300 ns, duty cycle < 2%. 
b. Waveforms are monitored on an oscillescepe with the fellewing characteristics: tp < Ins, Rin > 100 kG, Cin < 10 pF. 


*indicates JEDEC registered data 


TYPICAL CHARACTERISTICS, POST IRRADIATION 


STATIC FORWARD SueeNY TRANSFER RATIO 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


courcton CURRENT NEUTRON FLUENCE 


yg — Static Forward Current Transfer Rotio 


‘ 10’ 
“0.5 -0.4 =I “4 ==10 -@ -100 


13 13 4 14 i915 
i aa Et — ot ee 
FIGURE 2 FIGURE 3 
COLLECTOR-EMITTER SATURATION VOLTAGE COLLECTOR CUTOFF CURRENT 
v va 
i NEUTRON FLUENCE NEUTRON FLUENCE 
3 7 
3 | 
§ 
' 5 
4 3 
4 uv 
& 3 
i 3 
8 
3 
i 0.1 
¥ 109 qtol3 194 a10!4 105 
© — Neutron Fluence — n/em? 
FIGURE 4 FIGURE 5 
WOTE 4: These porumetors must be measured using pulse techniques. tp — 300 ys, duty cycle < 2%. 
T This curve indicates typical behavior of « device having hre == 20 at Vee = ~—1 V, lc = —M mA, & = 0. 
373 PRINTED IN U.S.A. 
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POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 78222 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N5368 THRU 2N5364 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. OL-S 7111436, APRIL 1971 


FOR SMALL-SIGNAL APPLICATIONS 
e Narrow Ipss and VGS(off) Ranges 
e For Low-Noise Audio-Frequency Amplifier Applications 
© For RF Amplifier Applications Thru 100 MHz 
e For Chopper and Switching Applications 


*mechanical data 


THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 


0,019 
4 LEADS = Dole DIA 


ALL DIMENSIONS ARE IN 
INCHES UNLESS OTHER- 
WISE SPECIFIED 


2—SOURCE 
1—DRAIN 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Source Voltage ey Mee iced Se vy et a ts eg geek oo Eber ee ah ee SMS Hen bet DOE Re ae 40V 
Reverse Gate-Source Voltage... ....~. ie de Gia ade “ed ei a we oer” SOV 
Continuous Forward Gate Current .. 2... 1... 1. 1 ee Dao age ke Hae Me use iit 10 mA 
Continuous Device Dissipation at (or below) 28° c Free-Air Temperature ‘(See Note. 1) Sra Sowa ch See BOS 300 mW 
Storage Temperature Range .......-.2..~:. Ce ee ee ee eee ee) 665°C to 200°C 
Lead Temperature 1/16 Inch from ‘Case for 10Seconds .... 1... ee ee 300°C 


NOTE 1: Derate linearly to 178°C free-sir temperature at the rate of 2 mW/°C, 


*JEOEC registered data, This data sheet contains all applicable registered data in effect at the time of publication. 


USES CHIP JN51 


TEXAS INSTRUM ENTS 


CORPORA 
POST OFFICE es s012 « sah TEXAS 75222 
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TYPES 2N5358 THRU 2N5364 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER | TEST CONDITIONSt NS ee lume] 
ViBRIGSS Gate-Source Breakdown Voltage Ig=—10uA, Vog=0 1-40 =| 40 TV 
Vog=-20V, Vos =0 ee 
i R [| Vas=-20V, Vps=O 
oe eee Vos=—20V, vos=0 tan tere [-8a[ =o | ua) 
VGsioft) Gate-Source Cutoff Voltage Vps=15V, Ip = 100nA j-0.6 -3/-08 -4] V 
V BO [0.375 


ae Vps=T8 507 Poze 
Vv te-Source Vol Vv 
oe. . SR Vos=18V, ip = 80uA ee ee 
‘pss Zero-Gate-V oltage Drain Current Vos718V, VaGs=0, See Note 2 } O05 1) 08 1.6] mA | 


y | Smalt-Signal Common-Source 
fs Forward Transfer Admittance Vps=18V, Vgs=0, f= 1 kHz, 
y | Small-Signal Common-Source See Note 3 

se Output Admittance 


Rea 
ad Input Capacitance Vps=15V, Vgs=0, f= 1MHz, 
P Common-Source Short-Circuit See Note 3 a 
bad Reverse Transfer Capacitance | oF | 
Small-Signal Common-Source Vps=15V, Ves=9, f = 100 MHz 
os Forward Transfer Conductance See Note 3 foe | 09 [rn pa 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONSt beni) L_2N6981_] 


ViBpR)Gss Gate-Source Breakdown Voltage Ig *—-10nA, Vpg70 j-40 | 40, 


Vos =-20V, Vps=0 1 E 
loss Gate Reverse Current GS 20 DS = 
VGs = —20V, Vos = 9, Ta=150C |  — -0.1| 


VGSloff) Gate-Source Cutoff Voltage Vos 715V, Ip=100nA 0.8 -4 
Vps=15V, Ip=150uA 

VG6s Gate-Source Voltage DS D is [0.6 ~25] 
Vps=15V, Ip = 250 nA [is 2 il 

lpss Zero-Gate-Voltage Orain Current Vos =15V, Ve6s =O, See Note 2 [15 3] 

yv | Smatl-Signal Common-Source 

ts Forward Transfer Admittance Vps=15V, VaGs=0, £1 kHz, 
| | Smail-Signal Common-Source See Note 3 
Vos Output Admittance 


G Common-Source Short-Circuit 
bd (Input Capacitance Vos=15V, Vos =0, f= 1 MHz, 
Common-Source Short-Circuit See Note 3 


Cc 
res Reverse Transfer Capacitance 
Small-Signal Common-Source Vos=18V, Ves =0, # = 100 MHz, 17 
Os Forward Transfer Conductance See Note 3 : 


NOTES: 2. This parameter must be measured using pulse techniques. ty, = 300 ys, duty cycle < 2%. 
3. These parameters must be measured with bias conditions applied for less than 5 seconds to avold overheating. 


*JEDEC registered data 
tthe fourth lead (case) Is connected to the source for all measurements. 
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TEXAS INSTRUMENTS 4-401 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPES 2N5358 THRU 2N5364 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


[_2N6362_| 2N6363 | 2N5364 | 


PARAMETER TEST CONDITIONS*t unr] 
| _Teevcoworrionst [in man Max [aN MA 


Vos = -20V, Vps = 9, 
Ta = 150°C 
Vpg=18V, ip=ioond | -2 —7[-26 -8|-268 -a[ V | 
[Vos=18V, ipsoama [-73 -5[ | 

Lee 


IGss Gate Reverse Current 


Vos Gate-Source Voltage Vos" 15V, Ip =0.7mA 


a 
Vos=18V.ip=09mA [| 


Vos*15V, Ves <0, 
See Note 2 


Small-Signal Common-Source 
hs| Forward Transfer Admittance Vps*15V, Ves =9, [ 2 ss[25 6 cis a rm 
Small-Signal Common-Source f=1 kHz, See Note 3 
ol eet Tefal 
Output Admittance 
CG Common-Source Short-Circuit [ef is} we | 
ad Input Capacitance Vos=15V, V6s=0, 
c Common-Source Short-Circuit f=1MHz, See Note 3 Pata or | 
ree Reverse Transfer Capacitance 
Small-Signal Common-Source Vos=15V, Vag =0, 
*operating characteristics at 25°C free-air temperature 
ALL TYPES 
ee 
NE Common-Source Vos=15V, Vesg=0, f = 100 Hz, | 2s fas | 
Spot Noise Figure Rg=1M2, See Note 3 


NOTES: 2. This parameter must be measured using pulse techniques. tw = 300 ys, duty cycle < 2%. 

3, These parameters must be measured with bias conditions apptied for (ess than 5 seconds to avoid overheating. 
*JEDEC registered data 
tThe fourth lead (case) is connected to the source for all measuraments. 


TYPICAL CHARACTERISTICS 


lpss Zero-Gate-Voltage Drain Current 


UNIT 


2N5362 THRU 2N5364 
NORMALIZED SMALL SIGNAL COMMON-SOURCE 
GATE CUTOFF CURRENT FORWARD TRANSFER ADMITTANCE 
“ NOMINAL CHARACTERISTIC VALUES ve 
FREE-AIR TEMPERATURE FOR NORMALIZED CURVES NORMALIZED GATE-SOURCE VOLTAGE 


AT Vog = 18 V, Ta = 28°C 


Normatized Forward Transter Admirtence—fy,,|* 


0.01 
3% 4 BG 70 8 100 118 190 146 0 0102 03 04 08 06 07 O8 09 1 
Ta—Free-Air Temperature—"C Normalized GaweBeurce Vottage-Viggt 
FIGURE 1 FIGURE 2 
Ves Neel 


tNormalized V.._ 8 eo: Normalized ly,.| = —————____—— 
Gs = T.=28°C ' fs Vane *0,T, * 25°C 
Ves ati, = 100uA, T, 25°C veel at Veg * 9. Ty 5 


PRINTED IN U.S.A. 373 
4-402 TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE BOX S012 ¢ DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N5397 


N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTOR 


BULLETIN NO, DL-S 7111424, AUGUST 1971 


FOR VHF AMPLIFIER AND MIXER APPLICATIONS 


e@ High Power Gain... 15 dB Min at 450 MHz 

e@ Low Noise Figure . . . 3.5 dB Max at 450 MHz 

@ High Transconductance .. . 5500 p»mho Min at 450 MHz 
@ Low Crss... 1.2 pF Max 


*mechanical data 


THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 


4 0.019 
Leaps 0-018 DIA 


ALL DIMENSIONS ARE IN 
INCHES UNLESS OTHER- 
WISE SPECIFIED 


2-DRAIN | 
1-source 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage: <2 sf kad wR we POR eee be ee ee wa ee oe BV 
Drain-Source Voltage 2 2. 1 ee ee ee ee 26M 
Reverse Gate-Source Voltage 2 6 6 6 6 ee ee ee EV 
Continuous Forward Gate Current . . . st Gwe Oe ed Tee OMA 
Continuous Device Dissipation at (or below) 25° c Free-Air Tencorstne (See Note 4) wee ee we +. 800 mw 
Storage Temperature Range . . Le ee ee ee ee 665°C to 200°C 
Lead Temperature 1/16 Inch from Case ‘for 10 Sscondé cutee teenth hs pte setae a gle ton ae oe eas 3007S 


NOTE 1: Derate tinearly to 200° C free-air temperature at the rate of 1.7 mw/c. 


* JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TEXAS INSTRUMENTS 4-403 


NCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPE 2N5397 : 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTOR 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS | MIN MAX | UNIT 
ViBR)}GSS Gate-Source Breakdown Voltage Ig=-1uA, Vpsg=0 
VGsF Gate-Source Forward Voltage Ig = 1mA, Vos = 0 


Vos =—-15V, Vos =0 
; Astniedec |Ves==15V, Vps=0 
Gss ate Reverse Current Ves =—18V, Vos = 0, TA = 150°C 


Vaesiott) _Gate-Source Cutoff Voltage Vos=10V, Ip=1nA 
toss Zero-Gate-Voltage Drain Current Vps=10V, VeEeg=9, See Note 3 


v | Small-Signal Common-Source 
fs Forward Transfer Admittance 


Vos =10V, Ip=10mA, f= 1 kHz 


hy | Small-Signal Common-Source 
oF Output Admittance 


« Common-Source Short-Circuit | | 
iss i 

Input it 

De eoelieee Vpg=10V, Ip=10mA, f= 1MHz a 


c Common-Source Short-Circuit 
ree Reverse Transfer Capacitance 
is 


: Smatl-Signat Common-Source 
3i Input Conductance 
Small-Signal Common-Source 
Os Forward Transfer Conductance 
Small-Signal Common-Source 
Sos Output Conductance 
NOTE 3: This parameter must be measured using pulse techniques. tw = 300 us, duty cycle < 1%. 
*operating characteristics at 25°C free-air temperature 


VoG=10V, Ip =10mA, f= 450 MHz 


PARAMETER 


G Small-Signal Common-Source VoGg=10V, Ip =10mA, f= 450 MHz, 
ps Neutralized Insertion Power Gain Rg = 1k, YG = 1.1 mmho-j4 mmho, 
NF Spot Noise Figure . See Figure 1 


*JEDEC registered data. tThe fourth lead (case) is connected to the source for all measurements. 


PARAMETER MEASUREMENT INFORMATION 


L5 40 pF 
FROM YG es TO 
50-2 ‘ 50-2 
SOURCE WA iH LOAD 
0.8-12 pF 0.8-12 pF T 1000 
RF 
V6s O 
(ADJUST Ip) Vos 
CIRCUIT COMPONENT INFORMATION 
(Li, L2, 13, and L4 are straight pieces of the specified conductor) 

L1: 1,4 inch #22 enamel spaced 0.1 inch from L2. 

2: 1.1 inch # 16 solid copper 

L3: 1.3 inch #16 solid copper 

L4: 1.4 inch # 22 enamel spaced 0.3 inch from L3 

L5: 3 T #22 enamel, close-wound on 0.25-inch-diameter form with adjustable aluminum slug. 

RFC: 0.15 wH, Detevan type 1537-00, or the equivalent, 

FIGURE 1—NEUTRALIZED INSERTION POWER GAIN AND SPOT NOISE FIGURE TEST CIRCUIT 
PRINTED iN U.S.A. 87: 
Ti cannot assume any sesponsibility fer any circuits shown 
4-404 TEXAS IN ST RU M ENTS or represent that they are free from potent infringement. 
1] 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N5398 


N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTOR 


BULLETIN NO. DL-S 7111425, AUGUST 1971 


FOR VHF AMPLIFIER AND MIXER APPLICATIONS 


e High Transconductance . . . 5000 zmho Min at 450 MHz 
e@ Low Crss... 1.3 pF Max 


*mechanical data 


THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 
0.019 
4 LEADS as OIA 


ALL DIMENSIONS ARE IN 
INCHES UNLESS OTHER- 
WISE SPECIFIED 


2-DRAIN | 
1—SOURCE 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage 2 6 6 6 25V 
Drain-Source Voltage 2. 6 ee 25V 
Reverse Gate-Source Voltage 2 6 6-6 ee ee —25V 
Continuous Forward Gate Current . . wel eile aa. TOMA 
Continuous Device Dissipation at (or Below) 25° c Eree- Ait Tamcerauiré (See Note 4 to ee we we) » 800 mW 
Storage Temperature Range. Ce en ee ee 65°C to 200°C 
Lead Temperature 1/16 Inch from Case. for 10 Séaonds Pag tale One ey db an tap ee Geuhe ck epee wed Bh te Be 300°C 


NOTE 1: Derate linearly to 200°C free-air temperature at the rate of 1.7 mw/’c, 
*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


ee 
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TEXAS INSTRUMENTS 4-405 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPE 2N5398 


N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTOR 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 
Vipr)Gss Gate-Source Breakdown Voltage 


lg =-1uA, Vps=0 


iy | Small-Signal Common-Source 

fs Fema Transfer Admittance Vps=10V, Vgg=0, 
W | Small-Signal Common-Source 

‘Os 


Output Admittance 
Common-Source Short-Circuit 
tnput Capacitance 
Common-Source Short-Circuit 


Vps=10V, Vgs=0, 


Crss Reverse Transfer Capaci 
e Transfer Capacitance 
; Smail-Signal Common-Source 
Sis Input Conductance 
Small-Signal Common-Source 
Sts Forward Transfer Conductance Vos=10V, Vas =0, 
‘ Small-Signal Common-Source 
jos 


Output Conductance 


NOTE 2: This parameter must be measured using pulse techniques, ty = 300 ys, duty cycle < 1%. 
* JEDEC registered data 
tThe fourth lead (case) is connected to the source for all measurements. 


ay 


4-406 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX S012 + DALLAS, TEXAS 78222 


[Min MAX ONT ] 


TEST CONDITIONST 
5.5 10 


VGSF Gate-Source Forward Voltage Ig =1 mA, Vps = 90 
Ves =—-15V, Vos =0 

igss Gate Reverse Current = =aIBV, i =0, 

VGslott) Gate-Source Cutoff Voltage Vos=10V, Ip=1nA 


\pss Zero-Gate-Voltage Drain Current Vps710V, Vgs=0, See Note 2 


v 

Vv 
BA 

Vv 


PRINTED IN U.S.A. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N5399 
N-P-N SILICON TRANSISTOR 


BULLETIN NO. DL-S 6810668, SEPTEMSER 1968 


RADIATION = TOLERANT TRANSISTOR FOR LOW-POWER 
GENERAL PURPOSE VHF — UHF AMPLIFIER AND 
SATURATED-SWITCHING APPLICATIONS 


© Guaranteed leo, he and Verna after 1x10" Fast Neutrons/cm’ 
e Complement to P-N-P Type 2N5332 
description 


The 2N5399 transistor offers a significant advance in radiation-tolerant-device technology. Unique con- 


struction techniques produce transistors which maintain useful characteristics after fast-neutron radiation 
fluences through 10! n/cm?. 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE 


ALL JEDEC 10-46 DIMENSIONS 


AND NOTES ARE APPLICABLE 


TTI guaranteed minimum. The JEDEC registered minimum lead diameter for the 10-46 is 0.072. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage ad th Arla: Jes aw I ele ee a SM A tr SEZ 
Collector-Emitter Voltage (See Note 1) Syoter tate ove ae Wal ae oat a hee ata ee ate LON 
Emitter-Base Voltage 2. 6 6 1 we ee ee ee ee eee ee ew AN 
Continuous Collector Current 2. 2 6 6 ew ee ew ee we we ew ww we 100 MA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) . . . .360mW 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) oe ee) 612 W 


Storage Temperature Range. «© 6 6 1 1 ee ee ee te et ew e+ O5PE to 200°C 
Lead Temperature % Inch from Case for 10 Seconds . 2 6 1) 1 we ee ee ww + 800K 


NOTES: 1. This value applies between 0 and 100 mA collector current when the base-emitter diode is open-circuited. 
2, Derate linearly t0 175°C free-air temperature at the rate of 2.4 mW/deg. 
3. Derate linearly to 175°C case temperature at the rate of 8 mW/deg. 


“Indicates SEDEC registered data 


373 


T EXAS INSTRUM ENTS 4-407 


NCORPORATE 
POST OFFICE a 5012 ¢ DALLAS, TEXAS 75222 


TYPE 2N5399 
N-P-N SILICON TRANSISTOR 


a 


4-408 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


[Parameree «ST CONTIONS —____—*WIN_MAX [UNIT 
Viejceo _Collector-Base Breakdown Voltage 
Vieryceo _—Collector-Emmitter Breakdown Voltage 


las 
=, | 
a= isv, =o S*SC*«~d TO 
es = 15V, k=O Ta = 1 
Fa 
a 
3090 
3090] 


leno Collector Cutoff Current 


e=ist tes od 
Vvee=1W, le = Wma ——S—~d;Cé 
Wee=1V, le =20mh | Nae 
6 fs 
Wer= SV, le = 0m 3 

ba 

Lae 


Emitter Cutoff Currant 


h Static Forward Current 
Fe Transfer Ratio 


Voe Base-Emitter Voltage lp = 4mA, le = 20 mA, See Note 4 


Voetsat Collector-Emitter Saturation Voltage lp = 4mA, le = 20 mA, See Note 4 


Small-Signol Common-Emitter Vor = 5V, Ig = 10mA, f= 100 MHz | 6 | | 


|hse| Forward Current Transfer Ratio eee ee 
Cob Collector-Base Capacitance Vee=5V, k=O, f=1MHz, Sea Note 6 [ pF | 
[ay Emitter-Base Capacitance Vee =O.5V, Ie =0, f=1MHz, See Note é | oF | 


* post-irradiation electrical characteristics at 25°C free-air temperature 


TADAGE [wn wax [on] 
Teng Collector Cool Carrent eH iv =o | 
1x10" n/m? [TR 

| 8S 


hee Static Forward Current Transter Ratio Voge = 2V, Io = 20mA, See Note 4 
Vocieat) Collector-Emitter Saturation Voltage tn=4mA, = Io = 20mA, See Note 4 i ¥v | 


NOTES: 4, These parameters must be measured using pulse techniques, t, = 300 ys, duty cycle sm 


5. The applicable test methods of MIL-STD-750A are recommended for testing all paramaters; however, due to the unusual construction of this device, It Js particularly 
Important to observe the test procedures detailed in Method 3026.1 for testing Vierjeso. The voltage shall be gradually increased from zero until elther the 2-¥ limit 
OF the 10-j:A test current Is reached. The device Is acceptable if 2 V is reached before the test current exceeds 10 yA, 


§ Con and Con measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter or collector, respectively} Is con- 
nected to the guard terminal of the bridge. 


‘Radiation Is fast neutrons (n) at E > 10 keV (reactor spectrum), 


*switching characteristics at 25°C free-air temperature 


Veo =3V, Te = 2 mA, Ton) = 4h, 

Vice = -07, Se Figur 
s 
t 


t Storage Time Veo =3V, Ie = 20 mA, Ie) = 4m, 
Fall Time laa, = —4 mA, See Figure 1 


EVoltage and current values shown ore nominal; exact values vary slightly with transistor and diode parameters. 


* JEDEC registered data 


TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPE 2N5399 
N-P-N SILICON TRANSISTOR 


PARAMETER MEASUREMENT INFORMATION 


t, s Ins ty < Ins 
+4.7V a ee He 
3 Vv { iNPUT i 

—>| ton fo ba tott—oy 
\ 1 | \ 

"4 t, bee 
hl ae | : ml ty = 
work | 10% 

oie { OUTPUT ! hor 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1 


NOTES: a. The Input waveforms are supplied by a generator with the fellewing characteristics: Tout = 50.2, te > 300 as, duty cycle < 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t. < 1 ns, Ri, > 100 2, Gay S 10 pF. 


* JEDEC registered data 


TYPICAL CHARACTERISTICS, POST IRRADIATION 


STATIC FORWARD CURRENT TRANSFER RATIO STATIC FORWARD CURRENT TRANSFER RATIO 
vs vs 
NEUTRON FLUENCE COLLECTOR CURRENT 


70 ane Ez 10 keV 
60 
Ty = 25°C 


See Note 5 


a 
o 


ny Ww 
us 


nD 
So 


— Static Forward Current Transfer Ratio 
> 
ray 


— Static Forward Current Transfer Ratio 


a 


hee 
hee 


10 
1913 axiol3 3014 axiol4 1015 
® — Neutron Fluence — n/em 


ic — Collector Current — mA 


FIGURE 2 FIGURE 3 


NOTE 5: These parameters must be measured using pulse techniques. f, = 300 us, duty cycle < 2%. 
FThis curve indicates typical behavior of a device having the limit value of hee = 30 at Voge = I Vv, = 0. 
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TEXAS, INSTRUMENTS 4-409 


NCORPORA 
POST OFFICE ae Boi2 « Secu TEXAS 75222 


TYPE 2N5399 
N-P-N SILICON TRANSISTOR 


TYPICAL CHARACTERISTICS, POST IRRADIATION 


COLLECTOR CUTOFF CURRENT 
vs 
NEUTRON FLUENCE 


0.4 -E 2 10 keV (Reactor Spectrum) 


teso — Collector Cutoff Current —nA 


“y0!8 axio's 1014 4xio'4 4g '5 
 — Neutron Fluence —n/em2 


FIGURE 4 


COLLECTOR-EMITTER SATURATION VOLTAGE 
vi 
NEUTRON FLUENCE 


= oes as 
0.07 H HH 
. 2 at 
Value ot_@ = of al 

0.04 ToT 


ie fa | wun 

= a 0 BLT 

pe com | 

0.01 ea 
0 


VeE(sat) — Collector-Emitter Soturation Voltage —V 


1 4x10 1ol4 axiol4 — ofS 
® — Neutron Fluence —n/em2 
FIGURE 5 


NOTE 4: These parameters must be measured using puise techniques. fp = 300 ys, duty cyclo <™ 


4-410 TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 78222 


TYPE 2N5389 
N-P-N SILICON TRANSISTOR 


TYPICAL CHARACTERISTICS 
COLLECTOR CUTOFF CURRENT STATIC FORWARD CURRENT TRANSFER RATIO 


vs vs 
FREE-AIR TEMPERATURE COLLECTOR CURRENT 


hi 


| 


Ni 


A) 
WN 


\ 


cy 
IN 


lego Collector Cutoff Current — nA 


1 
0.1 0.4 1 4 10 40 100 
Ta — Free-Air Temperature — °C i¢ — Collector Current — mA 


FIGURE 6 FIGURE 7 


BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 
COLLECTOR CURRENT 


vs 
COLLECTOR CURRENT 


LVI LUN ee 
pao" 


nee Tl 


o 


Vee — Base-Emitter Voltage — V 
° 


Ve {sat} —~ Collector- Emitter Saturation Voltage — V 


01 
°o, 1 0. ? 0.1 0.4 1 4 10 40 100 
le — Collector Current —mA Ice — Collector Current — mA 
FIGURE 8 FIGURE 9 


NOTE 4: These parameters must be measured using pulse techniques. t, = 300 ps, duty cycle <m™,. 


TEXAS, INSTRUMENTS 4-411 


NCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPE 2N5399 
N-P-N SILICON TRANSISTOR 


TYPICAL CHARACTERISTICS 


SMALL-SIGNAL COMMON-EMITTER 
SMALL-SIGNAL COMMON-EMITTER INPUT IMPEDANCE FORWARD CURRENT TRANSFER RATIO 


vs 
COLLECTOR CURRENT 


hie — Input Impedance —kQ 


hye — Smail-Signal Forward Current Transfer Ratio 


—_ iT | 
Ht NT 
a 
0.1 041 4 10 40 


100 9 


0.4 1 4 10 40 =100 
!¢— Collector Current —mA lc — Collector Current — mA 
FIGURE 10 FIGURE 11 
SMALL-SIGNAL COMMON-EMITTER SMALL-SIGNAL COMMON-EMITTER 
REVERSE VOLTAGE TRANSFER RATIO OUTPUT ADMITTANCE 
vs vs 
COLLECTOR CURRENT COLLECTOR CURRENT 


10 000 


hoe — Output Admittance — pmho 
8 


hee — Reverse Voltage Transfer Ratio 


0.4 
0.1 
0.1 0.4 1 4 10 40 100 0.1 0.4 1 4 10 40 100 
\¢ — Collector Current —mA le —Collector Current —mA 
FIGURE 12 FIGURE 13 
968 
4-412 TEXAS INSTRUMENTS 
INCORPORATED 


POST OFFICE BOX 5012 +¢ DALLAS, TEXAS 75222 


TYPE 2N5399 
N-P-N SILICON TRANSISTOR 


TYPICAL CHARACTERISTICS 


CONTOURS OF CONSTANT TRANSISTION FREQUENCY, fr 


aH i 
ees 2 TTT TILT 
rine HCE it 
COST A 

Hs Ie eI: vd 


Veg — Collector-Emitter Voltage — V 
ZHW 00F = 43 


‘lia 
0.1 — 40 100 
\¢ — Collector Current — mA 
FIGURE 14 ' 
COMMON -BASE OPEN-CIRCUIT OUTPUT CAPACITANCE COMMON-GBASE OPEN-CIRCUIT INPUT CAPACITANCE 
AND COLLECTOR-BASE CAPACITANCE AND EMITTER-BASE CAPACITANCE: 
vs vs 
COLLECTOR-BASE VOLTAGE EMITTER-BASE VOLTAGE 

gt See Note 8 at a 
f | 
3 : 
§? 5 
= = 
g B 
o oO 
U U 

1 

0 

0.1 0.2 0.4 0.7 10 40 0.1 0.2 0.4 0.7 1 2 4 

Ves we Nadetnae vuide —v Ves — Emitter-Base Voltage — V 
FIGURE 15 FIGURE 16 


NOTES: 7. To obtain fy, the hye! response with frequency is extrapolated at the rate of —é dB per octove from f == 100 MHz to the frequency at which {hyg| = =1 
8. C.,, and C,,, measurements employ a three-terminal capacitance bridge incorporating @ guard circuit. The third electrode (emitter or collector, respectively) Is con- 
nected to the guard terminal of the bridge. Can, and Cp, are measured with the third electrode floating. 
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TYPES 2N5400, 2N5401, AST5400, A5T5401 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7211749, JUNE 1972 


SILECTTt TRANSISTORSt 
FOR GENERAL PURPOSE, HIGH-VOLTAGE AMPLIFIER APPLICATIONS 
¢ 120 V or 150 V Min VipR)ceO 


@ Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 
Pin-Circle Configuration 
mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


2N5400, 2N5401 


0.080 (NOTE A) us 
0.100 * aoe 


t COLLECTOR 
aes ws BASE 
| 0.200 | EMITTER 
010: 0.500 MIN. eids0 i 100s 3 eas 0017 * 2092 
4 NOTES: A. Lead diameter is not controlled in this area. 
B. All dimensions are in inches. 


“ALL JEDEC T0-92 DIMENSIONS AND NOTES ARE APPLICABLE 


AST5400, AST5401 


| 


Lead diameter is not controlied in this area. 

» Leads having maximum diameter (0.019) shalt be within 0.007 of their true positions mea- 
sured in the gaging plane 0.054 below the seating plane of the device relative to a maxi- 
mum diameter package. 

« Alt dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2NS400 2N5401 
AST5400 AST5401 


Collector-Base Voltage 2 2... -130 V* —160 V* 
Collector-Emitter Voltage (SeeNote1) 2... 2... ee ee ee 120" ~150 V* 
Emitter-Base Voltage 2 6 ee ee ey BY LB YF 
Continuous Collector Current RSH Ee SOR ee ee aa os Ue , “B00 mA* Se 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) a ow oe we -_ 
—65'C to 150°C§ 
Storage Temperature Range 2. 2... ee tt Moe a Oe {26 to 135°C* 
260°C§ 
Lead Temperature 1/16 Inch from Case for 10 Seconds Porn tt ee ee ee 8 ES D399 G8 > 


NOTES: 1. These values apply when the base-emitter diode is open-circulted. 
2. Derate the 625-mW ratings linearly to 150°C free-air temperature at the rate of 5 mW/°C. Derate the 310-mW (JEDEC registered) 
rating linearly to 135°C free-air temperature at the rate of 2.81 mW/*C. 
*The asterisk identifies JEDEC registered data for the 2N5400 and 2N5401 onl 
effect at the time of publication. 
T Trademark of Texas Instruments 
£U.S. Patent No, 3,439,238 


ly. This data sheet contains all applicable registered data in 


§ Texas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. USES CHIP P22 
4-414, TEXAS INSTRUMENTS 
INCORPORATED 
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TYPES 2N5400, 2N5401, A5T5400, A5T5401 - 
P-N-P SILICON TRANSISTORS © 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


2N5400 | 2N5401 : 
TEST CONDITIONS A5T5400 | A5T5401 [UNIT 


ViBR)CBO Collector-Base Breakdown Voltage ig=—100HA, Ie =0 [-130 [+160 |v 


PARAMETER 


< 


Ig==1mA, Ip=0, _SeeNowe3 [-120 _[-150_ | V | 
ViBRIEBO Emitter-Base Breakdown Voltage le=—-10uA, Ic=0 Ys | 56 |v 
Wop=-100V.ie=0 —~*i stool nk | 

[Vep=-120V, te=0, so Taxtoorc] =| 80) 

ign Emiter Gunoff Current Wep=-3v. tc=0 TB] 0 

[VcE=-5V, I¢=—1mA | | 30 {| 50 | 


hee Static Forward Current Transfer Ratio VceE2=-6V, !c2-10 mA) See Note 3 40 180) 60 240 
=-6V, _I¢= —50mA | 40 
(gpg =—1mA, I¢ = -10 mA a= 
VBE Base-Emitter Voltage B = £ au See Note 3 et 
Ig=—5mA, _ Ig=—60mA | 
ig==1mA,_Ig= 10 ma a a 
S i 
VcE (sat)  Collector-Emitter Saturation Voltage Ip= ab mA. Ig = 50 mA See Note 3 


Small-Signal Common-Emitter 
Vce=-10V, Ic=-1mA, f=1kH 
Me Forward Current Transfer Ratio ce iz ie 7 | 30 200 
fr Transition Frequency Vee =—10V, I¢=—10mA, See Note 4 
Cobo Common-Base Open-Circuit Output Capacitance |Vcp=—10V, le = 0, f=1MHz [  6| 6] pF 


3/3 | 
Hil 


“operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


2N5400 2N5401 
A5T6400 | A5T5401 |UNIT 
Vee = — =o = 
F Average Noise Figure CE BY, Ge a0 uA LRG URE, 
Noise bandwidth = 15.7 kHz, See Note 5 
NOTES: 3. These parameters must be measured using pulse techniques, ty, = 300 us, duty cycle < 2%, 


4. To obtain fy, the hee! response is extrapolated at the rate of —6 dB per octave from f = 100 MHz to the frequency at which 
hyei= +. 

5. Average Noise Figure is measured in an amplifier with response down 3 4B at 10 Hz and 10 kHz and a high-frequency rolloff of 
6 dB/octave. 


*The asterisk indientifies JEDEC registered data for the 2N5400 and 2N5401 only. 


ee 
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TYPES 2N5447, 2N6448 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. OL-S 7311970, MARCH 1973 


SILECTt TRANSISTORS? 
© For Medium-Power Amplifiers, Class B Audio Outputs, Hi-Fi Drivers 
© Also Available in TO-92 Versions . . .2N3702, 2N3703 

© For Complementary Use with 2N6449, 2N5450, and 2N6461 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 1068. The transistors are Insensitive to Nght. 


*CASE OUTLINE 


0.004 


0.017 0.001 DIA. 


a UuADs 


3—COLLECTOR 


A. Lead diameter Is net contretled in this area, 

§. Leads hoving maximum diameter (0.019) shall be within 0.007 of thelr true positions 
Measured in the gaging plane 0.054 belaw the seating plane of the device relative to 
@ maximum-diameter package. 

C. All dimensions are in inches, 


absolute maximum ratings at 25°C free-air temperature (uniess otherwise noted) 


2N6447 2N5448 
Collector-Base Voltage ......2.2., ee Maiesesssey OR Sas Ral Aes Oech ae: Casa Pk eG -40V* -50V* 
Collector-Emitter Voltage (SeeNote1) 2... ee eel, -26V* -30V* 
Emitter-Bese Voltage 2. ee te ee, -5V" -5\V* 
Continuous Collector Current 2 6 ee ee + —200 mA*——e 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) poke pet 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (SeeNote3) ..... aie 
Storage Temperature Range 2 ee —65°C to 150°C* 
Lead Temperature 1/16 Inch from Case for 10Seconds ........2.,...-.., + 260°C*——» 


NOTES: 1, These values apply when the base-emitter diode is open-circuited. 

2. Derate the 625-mW rating linearly to 150°C free-air temperature at the rate of 5 mW/°C. Derate the 360-mW (JEDEC registered) 
rating linearly to 150°C free-air temperature at the rate of 2.88 mW/°C. 

3. Derate the 1.25-W rating linearly to 150°C lead temperature at the rate of 10 mW/°C. Derate the 500-mW (JEDEC registered) 
rating tinearty to 180°C lead temperature at the rate of 4 mW/°C. Lead temperature is measured on the collector ead 1/16 inch 
from the case. 

*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
T Trademark of Texas Instruments 

U.S. Patent No. 3,439,238 

Stexas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. 
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TYPES 2N5447, 2N5448 
P-N-P SILICON TRANSISTORS | 


*electrical characteristics at 25°C free-air temperature 


Collector-Base 


{e=-1 y = 
Breakdown Voltage c SOKA ESS 


ViBR)CcBO 


Collector-E mitter 
V(BR)CEO Bisakdewi Voltage Ic=-10mA, Ip =0, 


Collector-Emitter 
Vv ige- i, = —60 mA, See 
CE (sat) Saturation Voltag . - ios Se hems 


fr Transition Frequency VceE=-5V, Io =—80 mA, See Note 6 


Vce * —10V, Ig = 0, f= 1 MHz, 
Cc, Collector-Base Capacitance 
‘cb ec! B See Note 6 


NOTES: 4. These paremeters must be measured using pulse techniques. ty = 300 ys, duty cycle < 2%. 


8. To ebtain fr, the fh¢_| response with frequency is extrapolated at the rate of —6 dB per octave from f = 20 MHz to the frequency | 
at which Ihye] = 1. 
6. Cop measurement employe a three-terminal capacitance bridge Incorporsting @ guard circult. The emitter is connected to the guard 
terminal of the bridge. 
*"JEDEC registered data 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE LEAD TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


Ti Guaranteed 


Neate 
as 


| N\ 
JEDEC registered Lo 


P->—Maximum Continuous Device Dissipation—mW 


P-+—Maximum Continuous Device Dissipation—mW 


0 25 50 76 100 125 150 0 26 50 75 100 125 150 
Ta—Free-Air Temperature—°C TL—Lead Temperature—"C 
FIGURE 1 FIGURE 2 
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TYPES 2N5449, 2N5450, 2N5451 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311969, MARCH 1973 


SILECTt TRANSISTORSt 
e For Medium-Power Amplifiers, Class B Audio Outputs, Hi-Fi Drivers 
© Also Available in TO-92 Versions . . . 2N3704 thru 2N3706 

e For Complementary Use with 2N5447 and 2N5448 


mechanical data 
These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 
*CASE OUTLINE 


LanEMITIER 


+0,002 


40 
Lt 
0.017 7 9.99) DIA. 
3 LEADS 
0.500 MIN 7 


J— COLLECTOR 


. Lead diameter is not controlled in this area. 

. Leads having maximum diameter (0.019) shall be within 0.007 of their true 
positions measured in the gaging plane 0.054 below the seating piane of the 
device relative to a maximum-diameter package. 

. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N5449 

2N5450 2N64651 
Collector-Base Voltage 2 6. ee ee ee BOE 40v" 
Collector-Emitter Voltage (See Note1) 2. 2. 2... ee ee ee) 8008 20 Vv" 
Emitter-Base Voltage 2 2. 1. 1 1. kk ke 5v* 5v* 
Continuous Collector Current 2. |. we ee ee ee == 800 MA —e 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) dng Sy = <0 pn 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 3). ie het <4 done 


Storage Temperature Range 2... sw. 
Lead Temperature 1/16 Inch from Case for 10 Seconds 


NOTES: 1. These vaiues apply when the base-emitter diode is open-circuited. 
2. Derate the 625-mW rating linearly to 150°C free-air temperature at the rate of 5 mW/°C. Derate the 360-mW (JEDEC registered) 
rating linearly to 150°C free-air temperature at the rate of 2.88 mW/°C. 
3. Derate the 1.25-W rating linearly to 150°C lead temperature at the rate of 10 mW/°C. Derate the 500-mW (JEDEC registered) 


rating linearly to 150°C lead temperature at the rate of 4 mW/°C. Lead temperature is measured on the collector lead 1/16 inch 
from the case. 


see ee ewe) 65°C to 150°C* 


toe ee ey 260° C8 —— 


*JEDEC registered data. This data sheet contains al! applicable registered data in effect at the time of publication. 
T Trademark of Texas Instruments 
tu.s, Patent No. 3,439,238 


S Texas Instruments guarantees these values in addition to the JEDEC registered values which are aiso shown, 
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[—aneaao | 2Nea50 | 2N6@51_| 
eters Nici thea laaes aaa Rae aha 


TYPES 2N5449, 2N5450, 2N5451 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


Collector-E mitter t¢=10mA, Ig =O, 


p> ly 
VIBRICEO Breakdown Voltage See Note 4 


Vv Collector-Base Io = 100 uA le=0 
(BR)CBO Breakdown Voltage c y JE 
ee ee ee 
Emitter-Base 
Vv | = 
ERIEES. Breakdown Voltage 1th des ae coe ee ee 


'cBo Collector Cutoff Current Vep=20V, Ip=0 F100 | 
lEBO Emitter Cutoff Current Vep=3V, Icz0 ; «100 | 


Static Forward Current Vce*2V, Ic = 50 mA, 
1 300 
nFE Transfer Ratio See Note 4 “1 | 50180 | ee ie 
: VcE=2V, Ig = 100 mA, Fv | 
Vv Base-Emitter Vot 
See Note 4 


Vv Cotlector-Emitter Igp=S5mA, Ig = 100 mA, 
CE (sat) Saturation Voltage See Note 4 


fas VcE=2V, Ig = 50 mA, 
f Ti ition Fi 
See Note 5 
: : Vep210V, Ig =9, 
C Collector-Base Capacitance 
f= 1 Miz, See Note 6 


NOTES: 4. These parameters must be measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
5. To obtain fy, the Heel response with frequency is extrapolated at the rate of —6 dB per octave from f = 20 MHz to the frequency 
at which fhe] = 1. 
6. Cop measurement employs & three-terminal capacitance bridge incorporating a guard circuit, The emitter is connected to the guard 
terminal of the bridge. 


*JEDEC registered data 
TYPICAL CHARACTERISTICS 
2N5450 
STATIC FORWARD CURRENT ‘TRANSFER RATIO BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
“ 
COLLECTOR CURRENT COLLECTOR CURRENT COLLECTOR CURRENT 


; Seni 
Ul re ; os aie sia 
£ UI TT t E : HA 
| all Ml : gall A a 
ii si at i Seat 
i Yam UT 2 crit ‘ CM CT TE 
mall Col coil 8 oy AIIM VMN TU Ui 
a eee We | ahaa 

FIGURE 1 FIGURE 2 FIGURE 3 

PRINTED IN U.S.A. 
Texas, INSTRUMENTS aso 


POST OFFICE BOX 6012 ¢ DALLAS, TEXAS 78222 


IW ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N5460, 2N5461, 2N5462, 


A5T5460, A5T5461, AST5462 
P-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. DL-S 7111466, JULY 1971 


SILECTt FIELD-EFFECT TRANSISTORS * 
FOR INDUSTRIAL AND CONSUMER SMALL-SIGNAL APPLICATIONS 


@ Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 


Pin-Circle Configuration 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 


deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


2N5460, 2N5461, 2N5462 


+0.005 
0.050 (NOTE A) 0.160 T2-005 
| +0.005 
0.100 "0.020 
GATE 
4 {7 — eh DRAIN 
0.200 souRcE 
Bs . 0.050 = 0.005. 3 Leaps 0.017 * 9.002 


NOTES: A. Lead diameter is not controlled in this area. 
B. Ail dimensions are in inches. 


* ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


A5TS460, A5T5461, A5T5462 


+0.002 
0.017 9.991 DIA. 
3 LEADS 
0.500 MIN Y 


3- GATE 


Lead diameter is not controlled in this area. 


Leads having maximum diameter (0.019) shall be within 0.007 of their true positions mea- 


sured in the gaging plane 0.054 below the seating plane of the device relative to a maxi- 
mum diameter package, 


. All dimensions are in inches. 


“absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage 


Reverse Gate-Source Voltage 2. 2... 2... ee jae a gad tl AO 
Continuous Forward Gate Current . . . wih aes se —-10mA 


Continuous Device Dissipation at {or below) 25°C Free-Air Temperature (See Note 1) 


310 mw 
Storage Temperature Range sip A patra re —65°C to 150°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds 240°C 


NOTE 1: Derate linearly to 135°C free-air temperature at the rate of 2.82 mwW/C. 


*The asterisk identifies JEDEC registered data for the 2N5460, 2N5461, and 2N5462 only. This data sheet contains all applicable registered 
data in effect at the time of publication. 


tTrademark of Texas Instruments 
U.S. Patent No. 3,439,238 
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TYPES 2N5460, 2N5461, 2N5462, AST5460, A5T5461, AST5462 
P-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 
. Gate-Source 
Vv Ig = 10 yA, Vv =0 
{BRIGSS Breakdown Voltage one Ds 
=20V, Vps=0 a 
"less Gate Reverse Current = 
Ves=20V, Vps-0, Ta-rovrc] at || 


*Vesiotf) _GateSource Cutoff Voitage | Vpg=—15V, Ip =—1HA 0.75 6 


TEST CONDITIONS 


< 
fn) 
in 

8 

< 


Vps = —15 V, Ip = —100 vA pos 4{ 
"Ves Gate-Source Voltage Vps=—15V, Ip =—200 nA a ee v 
Vp =a18 V. Ip = =400 uA = —— ea 


Smail-Signal Drain-Source Vv, 0 In =0 f=1kHz 
Tds(on) On-State Resistance eee aah: 


Ps Ve | Small-Signal Common-Source Guat new Minas aren Ps afus 5 | 
s Forward Transfer Admittance | OS pnGs 
“Noel Small-Signal Common-Source Vps=—18V, Ves <0 meen 
os Output Admittance s 7 “GSE™ 
ow Input Capacitance oS NGS =" 
ibs Reverse Transfer Capacitance DS NGS Ms 


*operating characteristics at 25°C free-air temperature 


PARAMETER 


2N6462 
ASTS462 | UNIT 
Equivalent Input 
Vn Noise Voltage 


NOTE 2: This parameter must be measured using puise techniques. ty, = 300 us, duty cycle <@ 2%. 
*The asterisk indicates JEDEC registered data for the 2N5460, 2N5461, and 2N5462 only. 


Zero-Gate-Voltage 
' Vps =—15V, Ves = 9, See Note 2 -2 -9 
OSS Drain Current DS Gs i _ 


TEST CONDITIONS 


2N5461 
ASTS460 | AST5461 
Vos =-15V, Ves =9, 
f=100Hz, BW=1Hz 


Vps = —15V, Ves = 9, 
BW =1Hz 


sss Ee 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N5525, 2N5526 
N-P-N DARLINGTON-CONNECTED SILICON TRANSISTORS 


BULLETIN NO. DL-S 7211553, JANUARY 1972 


SILECTt TRANSISTORS? 
TWO N-P-N TRIODES INTERNALLY CONNECTED IN DARLINGTON CONFIGURATION 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 1068. The transistors are insensitive to light. 


*CASE OUTLINE 
160 +2995 
| Fee reece 


BASE 


c Ea 
0.005 COLLECTOR 
0.200 EMITTER 
8.450: me: 0.050 = 0.005. + 


010: 0.002 
0.030 3 LEADS 0.017 O00; 
NOTES: A. Lead diameter is not controlled in this area. 
B. Ail dimensions are in inches. 


“absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage 6 ww ee ee ee ADV 
Collector-Emitter Voltage (See Note1) 2. 2 2. ek te . 30V 
Emitter-Base Voltage 2 2 1 2 ee ee ee ee OY 
Continuous Collector Current 2 2 2. 2 ee tt te ee - . 200mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) .....~.... . 360 mW 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note3) .......... 500 mw 
Storage Temperature Range 2 7. 7 1 ee ee ee ee es) 65°C to 150°C 
Lead Temperature 1/16 Inch from Case for 10Seconds .. . . 2... 2... 1 ee et eee 260°C 


*electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


ig=100HA, te =o 

[Vipie60 Emitter-Base Sreakdown Voltage | le =100uA, ic=0——Ssd 

Tigao Collector Cutoff Current] Vog=20V, Ig =| 00 J 

[iego Emitter Cutoff Current_——=—=SSSSi*d (Weg = 8, tc=0 ~~~ 10 | 70] 
Voe=10V, _I¢=10mA, See Note4 [5000] 
Vg = 10V. Ig = 100 mA, See Nowe 4 09 18 
Ip=O5mA, I= 60mA, See Note 4 


Smail-Signat Common-Emitter 
h VcE=10V, Ic=10mA, f=1kH 
fe Forward Current Transfer Ratio _ camedis ; 


Smait-Signal Common-E mitter 
Vce=10V, Ic= A, f= 100MH 
heel Forward Current Transfer Ratio a cram cael Ea eS ei 
Common-Base Open-Circuit 
= . ie=0, f=1 
Sone gut cases NED, eee a le 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 2.88 mW/°C. 
3. Derate linearly to 150°C lead temperature at the rate of 4 mW/°C. Lead temperature is measured on the colfector lead 1/16 inch 
from the case. 
4. These parameters must be measured using pulse techniques. ty = 300 us, duty cycle < 2%. 


“JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
t Trademark of Texas Instruments. 


tU.s. Patent No. 3,439,238. USES TWO N21 CHIPS 
PRINTED IN U.S.A. 373 
-A22 TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE BOX S012 © DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT 10 MAKE CHANGES AT ANY TIME 


{N ORDER TO IMPROVE DESIGN AND YO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N5545, 2N5546, 2N5547 
DUAL N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS | 


BULLETIN NO. DL-S 7311696, MARCH 1972—REVISED MARCH 1973 


MATCHED FIELD-EFFECT TRANSISTORS 


© High lyfs|/Ciss Ratio (High-Frequency Figure-of-Merit) 
e Low Input Capacitance Cis, . . . 6 pF Max 
e Low Gate-Current Differential ... 5 nA Max at Ta = 125°C 
e@ Recommended for Low-Level D-C Amplifiers, Sample-Hold Circuits, and Series-Shunt Choppers 
e@ Improved Matching and Tracking Characteristics 
*mechanical data 


THE ACTIVE ELEMENTS ARE 
ELECTRICALLY INSULATED FROM 
THE CASE 


1. SOURCE 1 

2. DRAIN? 

3. GATE T 

5, SOURCE 2 

6. DRAIN 2 — Ait JEDEC 10-71 DIMENSIONS 
7, GATE 2 AND MOTES ARE APPLICABLE 


ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 


“absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


EACH TOTAL 
TRIODE DEVICE 
Drain-Gate Voltage. 6 6 ww we ee ee 50V 
Reverse Gate-Source Voltage 6 ww 6 ee ee -50V 
Continuous Forward Gate Current 2... 1. 1 ee ee et 30 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note1). . . . . 250 mW 400 mW 
Storage Temperature Range 2. 0. ee —65°C to 200°C 
Lead Temperature 1/16 Inch from case for 10Seconds . 2... ee es <—— 300°C —> 


NOTE 1: Derate linearly to 175°C free-air temperature at the rates of 1.67 mW/*C for each triode and 2.67 mW/°C for the total device. 


* JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


USES CHIP JN51 


nine 
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TEXAS INSTRUMENTS 4-423 
INCORPORATED 


POST OFFICE BOX 6012 + DALLAS, TEXAS 76222 


TYPES 2N5545, 2N5546, 2N5547 
DUAL N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


£9 NPT Bear ERENT SOP EPR. ca  envgAREEERREETEENEEEET one pERESEEPT mmennnr Depemenpenrommn ren 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
individual triode characteristics (see note 2) 


PARAMETER 


(ess Gate Reverse Current Ves 2-30 V, Vos =0 
Vos = ~-30 V, Vos = 0, 
Vags(oft) Gate-Source Cutoff Voltage 
pig GateCurrent_ CS™~—CSSCS 
Ipss Zero-Gate-Voltage Drain Current 


Smali-Signat Common-Source Forward Transfer Admittance f= 1 kHz 


f= 1 kHz 
f=1MHz 
f= 1 MHz 
f= 100 MHz 


Fan RE EN eta ee] UNIT | 

PARAMETER TEST CONDITIONS 

a een ne ec 
VoG"16V, Ip=200KA, 

la1-!eal Gate-Current Differential Ta = 126°C 


7 [Vog=18V, Ip=50ua | 5] fo] 16 } 
Nas1~Vasa| Care Souren Voltas Differential pg =18V, p= 200Wa_| 5] fot 18] 


VpoG=16V, Ip=200xHA, 

Voc" 18V. Ip =200KA, my 
Ipss2 Drain Current Ratio See Note 3 

Smail-Signal Common-Source pg" 18V, Ip = 200A, ar sfom fons] | 


Gate-Source-Voltage-Differential 


Vesi- | 
laVasi Vas2) aTa Change with Temperature 


Forward Transfer Admittance f=1 kHz, See Note 3 
Ratio 
Vog*15V, Ip =200xuA, 


by | b Small-Signal Common-Source 
ost Vos Output Admittance Differential | f=1kHz, See Nate 3 


“operating characteristics at 25°C free-air temperature 
individual triode characteristics (see note 2) 


|_MAx [Max | 
cron dar tree rr gal a a aN 
a Ds 
NOTES: 2. The terminals of the triode not under test are grounded for the measurement of these characteristics. 


3. The tower of the two characteristic readings Is taken as the numerator or subtrahend. 
* JEDEC registered data 


F 
Va Equivalent Input Noise Voltage 


PRINTEO IN U.S.A. 
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4.424 TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N5549 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTOR 


BULLETIN NO. OL-S 7011124, JUNE 1970 


FOR LOW-LEVEL CHOPPERS, LOGIC SWITCHES, 
MULTIPLEXERS, AND RF AND VHF AMPLIFIERS 


© High \yfsl/Cisg Ratio (High-Frequency Figure-of-Merit) 
e@ Low Feedback Capacitance Crss . . . 2 pF Max 
e@ Low On-State Resistance rds(on) . - - 100 2 Max 


*mechanical data 


THE GATE 18 IN ELECTRICAL CONTACT WITH THE CASE 


ALL JEDEC TO-18 DIMENSIONS 
AND NOTES ARE APPLICABLE 


ALL DIMENSIONS ARE !N INCHES 
UNLESS OTHERWISE NOTED 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage 20 6 6 we ee ee 40V 
Reverse Gate-Source Voltage 2 ww we ee ee -40V 
Continuous Forward Gate Current 2. 1 6 ee ee ee 26 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note1) .. 2... 360 mW 
Storage Temperature Range 6 6 —65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10Seconds © © 6 6 ee ee ee 300°C 


NOTE 1: Derate linearly. to 175°C free-air temperature at the rate of 2.4 mw/’c. 
*JEDEC registered data, This data sheet contains all applicable registered data in effect at the time of publication. 
USES CHIP JN62 


TEXAS INSTRUMENTS 4-426 


INCORPORATED 
POST OFFICE BOX 5012 © DALLAS; TEXAS 76222 


TYPE 2N5549 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTOR 


“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS | MIN MAX | UNIT 
ViBRIGSS Gate-Source Breakdown Voltage Ig=-1HA, Vps=0 


Vas = =20V, Vps=0 [926 [na 
a | Vas==20V, Vpg=0 
NRE aS ahaa Ves==20V. Vps=0,Ta= 160°C [0.8] uA 
Vps=18V, Vgs=-10V [028 [na] 
; ik |Vos=15V, Ves=-10V | 
eee ae Vos=18V, Vgs=—10V, Ta= tee [OS uA 
Ves Gate-Source Voltage Vos" 15V, Ip=1nA 
toss Zero-Gate-Voitage Drain Current Vps=15V, Vgs=0, See Note 2 | 10 ~—«60| mA | 
VpSion) _ Drain-Source On-State Voltage Ip=5mA, Ves*0 


Smalt-Signal Drain-Source 


Ves * 0, =0, f=1kH 
‘ds(on) —_On-State Resistance os 'p 5 
veel Small-Signal Common-Source Vos=18V, Ves =0, f= 1 kHz, 
Vf Forward Transfer Admittance See Note 2 


Common-Source Short-Circuit 
Ciss 
input Capacitance 
c Common-Source Short-Circuit 
shes Reverse Transfer Capacitance 


a | NOTE 2: These parameters must be measured using pulse techniques, ty, * 100 ms, duty cycle < 10%. 
‘ *JEDEC registered deta 


Veg =—-10V, 
f= 1 MHz 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


P.p>—Maximum Continuous Device Dissipation—mW 


0 25 50 76 100 125 160 176 200 
T ,—Free-Air Temperature—°C 


FIGURE 1 


PRINTED IN U.S.A. $73 
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mosr Gerice wox Guia’ +: DAL UA. -YExAeouoes TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPES 2N5550, 2N5551, A5T5550, AST5551 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. OL-S 7311935, MARCH 1973 


SILECTt TRANSISTORSi 
FOR GENERAL PURPOSE, HIGH-VOLTAGE AMPLIFIER APPLICATIONS 


High V(BR)CEO - . . 140 V (2N5550, AST5550) or 160 V (2N5551, A5T5551) 


Suitable for Controlling Gas-Discharge Indicator Tubes and Other High-Voltage Applications 


Rugged One-Piece Construction with In-Line Leads or Standard TO-18 100-mil 
Pin-Circle Configuration 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 


deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


2NS550, 2N5551 
-| 0.080 (NOTE A) 0.160 toes 
ee 0100 “90m 100 +50 
2 > 
ee 0.100 


= 0.008 
a _— 0.500 MIN. 


0.050 = 0.005 3 eas 0.017 * $88? 


NOTES: A. Lead diameter is not controlied in this area. 
B. All dimensions are in inches. 


ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


+ 0.002 
0.017 | 001 OA 
2 LEADS 
= 0.005 


NOTES: A. Lead diameter is not controlled in this area. 
8. 


. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions measured 


in the gaging plane 0.054 below the seating plane of the device relative to a maximum 
diameter package. 


. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
2N5550 2N5551 


AST5550 AST5551 
Collector-Base Voltage . . 5 te he Bateiice g. beafart kt Seed a!) 180M" + 180.7" 
Collector-Emitter Voltage (See ‘Note 1) a es) ca. Goats aecartkt. Sosareseiey eee keike -eghvuak So a, “40M 160i" 
Emitter-Base Voltage . 0. 6 1 6 we ee 6V* 6v* 
Continuous Collector Current . . . Lee te 600 MAL ——e 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) ‘ aan sh 

—65°C to 150°C 
Storage Temperature Range. 2 ee BPC to eget 
Oo 
Lead Temperature 1/16 Inch from Case for 10Seconds «2 ww ee ee ee ae > 
NOTES: 1. 


These values apply when the base-emitter diode is open-circuited, 
2. Derate the 625-mW rating linearly to 150°C free-air temperature at the rate of & mW/°C. Derate the 310-mW (JEDEC registered) 
rating linearly to 135°C free-air temperature at the rate of 2.82 mw/?c. 


“The asterisk identifies JEDEC registered data for the 2N5550 and 2N5551 only. This data sheet contains all applicable registered data in 
effect at the time of publication. 


t Trademark of Texas Instruments 
FU.S. Patent No. 3,439,238 


§ Texas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. USES CHIP N27 


TEXAS, INSTRUM ENTS 4-427 


POST OFFICE BOX 5012 »« DALLAS, TEXAS 75222 


TYPES 2N5550, 2N5551, A5T5550, A5T5551 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


2N5650 2N5551 
TEST CONDITIONS ASTS550 AST5551 | UNIT 


I¢=100HA, Ie =0 


Io=1mA, Ip = 0, See Note 3 
le = 10 nA, Ic =0 
Vcop=100V, Ie =0 


Vcop=120V, Ip *0 
Vep=100V, le=0, Ta = 100°C 
Vcp=120V, Ip=0, Ta = 100°C 


lego Emitter Cutoff Current Veg=4V, Ic =0 


Vce=5V,.Ic=1mA 


Static Forward Ci t Transfer Rati Voce =5V, Io =10mA 
‘atic Forwar sires ransfer Ratio CE ic See Note 3 
Voce =5V, ico = 50mA 
Ip =1mA, ic = 10mMA 
Uae Base-Emitter Voltage 


Igp=5mA,  Ic¢=50mA 


Icgo Collector Cutoff Current 


8 
E 


VcE(sat) _ Collector-Emitter Saturation Voltage See Note 3 
Smatl-Signal Common-Emitter 
Forward Current Transfer Ratio 
Small-Signal Common-Emitter 


Forward Current Transfer Ratio 


hfe VceE=10V, Ic=tmA, f=1kHz 


hee Vce=10V, Ic¢=10mA, f= 100 MHz 


Common-Base Open-Circuit 
Output Capacitance 
Common-Base Open-Circuit 
Input Capacitance 


Cobo Vep=10V, le =0, f= 1MHz 


Cito Vep=O0.5V, Ic=0, f= 1MHz 


2N5550 2N5551 

ASTS5550 ASTS5551_ | UNIT 
= ; Vce *5V, Ic = 250 nA, Rg =1k2, 
F A Noise F 

Noise Bandwidth = 15.7 kHz, See Note 4 

NOTES: 3. These parameters must be measured using pulse techniques. tw = 300 us, duty cycle < 2%. 


4. Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency rolloff of 
6 dB/octave. 


*JEDEC registered data 


*operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


I AS OS SS SSE TPE SS GS 7 G0 


PRINTED IN U.S.A. 373 
4-428 TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


(N ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N5949 THRU 2N5953 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. DL-S 7011338, APRIL 1970 


SILECTTt FIELD-EFFECT TRANSISTORS} 
e Narrow Ipss and VGs(off) Ranges 
@ For Low-Noise Audio-Frequency Amplifier Applications 
e For RF Amplifier Applications Thru 100 MHz 
© Low rds(on) for Chopper and Switching Applications 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C Method 106B. The transistors are insensitive to light. 


*CASE OUTLINE 


. Lead diameter is not controlied in this area. 


B. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions mea- 
sured in the gaging plane 0.054 below the seating plane of the device relative to a maxi- 
mum diameter package. 

- All dimensions are in inches. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage . . . Rowand Whietes es. Soke ase a We a a ee ea a ea ad to ae eee S80 
Reverse Gate-Source Voltage oa hae py eect. casa ta, te beth as Fike Br Ble Tents OE he ts ee 2S BOPV: 
Continuous Forward Gate Current. . . EAE BOAO ae Soe AO MA 
Continuous Device Dissipation at (or below) 25° c Free-Air Teiipersture (See Note y sone ew ew we ws 360 MmW 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note2) ........ . . 500mW 
Storage Temperature Range . . Co ee ee ee ee ee ee ee) 665°C to 150°C 
Lead Temperature 1/16 Inch from Cass for 10 Seconds Be te otek Ci alas Bvewees dey one oy bf Lele se cea, ee 220040 


NOTES: 1. Derate linearly to 150°C free-air temperature at the rate of 2.88 mW/*C. 
2. Derate linearly to 150°C lead temperature at the rate of 4 mw/*C, Lead temperature is measured on the gate lead-1/16 inch from 
the case, 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
T Trademark of Texas Instruments. 
Fu. s. Patent No. 3,439,238 


USES CHIP JNS1 
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Texas INSTRUMENTS 4-429 


INCORPORATED 
POST OFFICE BOX S012 «© DALLAS, TEXAS 75222 


TYPES 2N5949 THRU 2N5953 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


a 
ViBRIGSS Gate-Source Breakdown Vohiage | Ig==1nA,vos=0 | -ao0. | -30 | 
I-v6s==16 V,_Vos=0__|__ 1] = 
TA = 100°C 
Vps=15V, 1D = 100nA 
| Vos=i6V, ipst.2mA [-225  -6[ 
Vos Gate-Source Voltage Vos=15V, ipD=1mA | |-4.8 8 | 
[-Vos=16V,_Ip=07mA | J 
Ipss ‘ero-Gate-Voltage Drain Vps=15V, VGS=0, | 12 18] 10 18] 7 
Current See Note 3 
restshl Smali-Signal Drain-Source VGs = 0, Ip = 0, | 200} 210] 
On-State Resistance f=1 kHz 
Smatl-Signal Common-Source 
Ivesl Forward Transfer Admittance Vps=15V, VGS=0, 
Small-Signal Common-Source f= 1 kHz, See Note 4 15 
lyvos| Output Admittance 
G Common-Source Short-Circuit |g 
ii Input Capacitance VGS = 0, 
c Common-Source Short-Circuit See Note 4 a 
= Reverse Transfer Capacitance 
. Smali-Signal Common-Source | 260] 280 
sis Input Conductance 
Small-Signal Common-Source Vos=15V, VGs=9, 
eo WOON oa None 
Small-Signal Common-Source | 50] 125 


PARAMETER TEST CONDITIONS MIN MAX | 
V(BR)GSS Gate-Source Breakdown Voltage IG=-1KA, Vos=0 | -30° 
VGS=—15V, Vos =6 (1 
' | -Ves=-18V, Vos=O7 
GSS Gate Reverse Current VGS= -15V, Vps-0, Ta=10°C | 200] 
VeSstoft) Gate-Source Cutoff Voltage VDS=165V, ID=100nA [-1.3 -3.5 | 
VoS=15V, Ip=0.4mA (-0.75 —3| 
VGS Gate-Source Voltage VDS= 18 V. Ip = 0.26 mA Ea 
Ipss Zero-Gate-Voltage Drain Current | VDS=15V, VGS=0, SeeNote3 | 4 8] 
Small-Signal Drain-Source 
fdston) nsisie Resistance VGS = 90, 1D = 0, Pe kHz 300 
\v fs| Small-Signal Common-Source 2 65 
Forward Transfer Admittance VpS=15V, VGS=0, f=1kHz, . 


Smal!-Signal Common-Source See Note 4 

Output Admittance 

G Common-Source Short-Circuit 
iid Input Capacitance VpS=15V, VGS=0, f= 1MHz, 

Common-Source Short-Circuit See Note 4 

Reverse Transfer Capacitance 


Crss 
A Small-Signal Common-Source 
Small-Signal Common-Source 
Small-Signal Common-Source 
Sos Output Conductance 


*operating characteristics at 25°C free-air temperature 


PARAMETER 


Common-Source 
Spot Noise Figure 


Ivos| 


VDS=15V, VGS=0, f= 100 MHz, 
See Note 4 


a 


NOTES: 3. This parameter must be measured using pulse techniques. tw = 300 ys, duty cycle < 2%. 
4. These parameters must be measured with bias conditions applied for less than 5 seconds to avoid overheating. 


"JEDEC registered data 


INOS 


= 
aw 


a 


| |e] | (sels 
Bl le é 


w 
a 
o 


; TEST CONDITIONS 
Vos" 15V, Vgs=0, f= 100MHz, RG=1kX, 
See Note 4 
Vps=15V, Vgs=0, f= 1 kHz, Rg =1 MQ, 
See Note 4 


Vn ___ Equivalent Input Noise Voltage [| Vog=15V.  Vgs=0,_ f= 1 kHz, SeeNorea [| ——100_—| ny\/Hz | 


UNIT 


¢ 


INIT 
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4-430 TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER 10 (MPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES A7T6027, A7T6028 
P-N-P-N SILICON PROGRAMMABLE UNIJUNCTION TRANSISTORS 


BULLETIN NO. DL-S 7311796, JANUARY 1973 


SILECTt TRANSISTORS! FOR USE iN PULSE, TIMING, SWEEP, 
TRIGGER, AND OSCILLATOR CIRCUITS 


e Plug-in Replacements for 2N6027, 2N6028 (TO-98 Package) 
e Low Peak-Point Current and Low Forward Voltage 
e@ Programmable 7, rap, Ip, and ly 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


THE GATE IS CONNECTED TO AN N REGION 


ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 
+0.005 


| 0.160 ~ eas 
+0.003 
0.100 +0.003 


3-CATHODE 
20s 2-GATE 
1-ANODE 


o.os0 = 0.0081 Ls ugaps oor * SOR? 


NOTES: A, Lead diameter is not controlled in this area. 
B. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (uniess otherwise noted) 


Anode-Cathode Voitage .......-.-. he ea ee Be a a nn ee ey SRE ae ate +40 V 
Gate-Anode Voltage. 2. 1 6 1 ee eee te te rea th ae Stren tesa), ates ott ee es. ty KAO 
Gate-Cathode Voltage: (Positive Limit) . 2... ....-. Fle sean S08, vay 1d; i Meee, Seas ae te eee oe AON 
(Negative Limit) ....... be Ne Mase Sid ie ec ae boar ee Testa Ge ae ON 
Continuous Anode Current . 2... 2 ee et ee Bai we Maw Got ay eae as oe at TSO-MA 
Repetitive Peak Anode Current: (tw = 100s, Duty Cycle< 1%) 2 1 6 ee ee es 1A 
(ty = 20 us, Duty Cycle< 1%) 6 ww ee es 2A 

Nonrepetitive Peak Anode Current: (tw = 10 us, Duty Cycle=0) 2 2 6 2 ee ee ee 5A 
Continuous Gate Current . . 2... 1 ee ee ee over eGR te Er ete: eA Ge Be A  EBOMA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (SeeNote1) ......-.-. 300 mW 
Storage Temperature Range 2 ww es Ce ee ee eee ee 6 =65°C to 150°C 
Lead Temperature 1/16 Inch from Case for 60 Seconds . 2 ©. 1 ee 260°C 


electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 
Vga =40V, Ik =9 
' G C 
GAO jate Reverse Current VGa-40V, IK -0, Ta= 75°C 100 | 


{Gxs Gate Reverse Current VoK =40V, VaKk=0 


Vg=10V,_Rg=10Kn [oz 06 [02 06 | 
Vp—Vs Offset Vot v 
=HOV, Rg = OKA et 
SL ee Rs evnes ————— rr  | 
Vs=10V, Rg- 2000 a 
Iy Valley-Point Current Vs=10V, Rg=10k2 | 70 =| 25 sity pA 
Vs=10V, Rg=1Mn P28 | 
Ve Anode-Cathode On-State Voltage Vs=10V, RG=10kQ, Ip =50mA P18 | Vv 


NOTE 1: Derate tinearly to 125°C free-air temperature at the rate of 3 mw/c. 
tTrademark of Texas Instruments 
U.S. Patent No. 3,439,238 


USES CHIP U41 
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TEXAS, INSTRUMENTS 4-431 


NCORPORATED 
POST OFFICE BOX 5012 © DALLAS. TEXAS 78222 


TYPES A7T6027, A7T6028 
P-N-P-N SILICON PROGRAMMABLE UNIJUNCTION TRANSISTORS 


operating characteristics at 25°C free-air temperature 


‘A7T6027 ‘A7T6028 
N 
PARAMETER TEST CONDITIONS == [ani Typ MAX |MIN TYP MAX|ON” 


Vom _Peak Output Voltage Vaa=20v, cieo2uF, | 6 | 6 
See Figure 4 66 80 65 80 | ne | 


B2 
. R2 
7 Interbase Resistance rag ~ A1+R2 
Ri 
Intrinsic Standoff Ratio n ~ Alena Vs © Al*Veoe1 
K R1I+R2 
‘ R R1ieR2 
GQ" ait R2 
BI R1i+R2 
4 FIGURE 1—PROGRAMMAGBLE UNIJUNCTION CIRCUIT FIGURE 2—EQUIVALENT CIRCUIT USED FOR TESTING 
VAK 


FIGURE 3-GENERAL ANODE CHARACTERISTICS 
VAA 


6V—---~—=-— 


TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 
FIGURE 4—-TESTING OPERATING CHARACTERISTICS 


PRINTED (N U.S.A. 373 
TH cannot assume any responsibility for ony circuits shown 
4-432 TEXAS, IN STRUM ENTS or represent thal they are free from patent infringement. 
N ATE 
POST OFFICE BOX 5012 © DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND FO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N6116, 2NG117, 2NG118 
P-N-P-N SILICON PROGRAMMABLE UNIJUNCTION TRANSISTORS 


BULLETIN NO, DL-S 7211776, DECEMBER 1972 


For Use in Pulse, Timing, Sweep, Trigger, and Oscillator Circuits 


e Features Low Peak-Point Current and l.ow Forward Voltage 


e Programmable 7, rgp, Ip, and ly 
mechanical data 


“THE ANODE IS IN ELECTRICAL CONTACT WITH THE CASE 
THE GATE IS CONNECTED TO AN N REGION 


0.019 
3 LEADS Do16 DIA 


ALt DIMENSIONS ARE 
IN INCHES UNLESS 


OTHERWISE SPECIFIED 
So tei 


45° 


1—CATHODE>— 
“ALL JEDEC TO-18 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Anode-Cathode Voltage 6. 6 wk ee t40V 
Gate-Anode Voltage ww we 40 V 
Gate-Cathode Voltage: (Positive Limit) © 6 006 5 eee ee ee ee ee 40V 
(Negative Limit) 2 0 6 6 0 -6V 
Continuous Anode Current at (or below) 25°C Free-Air Temperature (SeeNote1) 2... 1... . . 200mA 
Repetitive Peak Anode Current: (ty = 100 us, Duty Cycle 1%) 6 6 es 1A 
(tw = 20 us, Duty Cycle 1%) 6 2A 

Nonrepetitive Peak Anode Current: (ty = 10s, Duty Cycle=0) © 6 6 5 ee ee ee 5A 
Continuous Gate Current phd aos ihe SG Tatas AS he lanl ah ation, Seem Se hy Gare ang yeio 9 HP aha MAL 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) . ..... + + 260 mW 
Storage Temperature Range 6 we —65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10Seconds 2 6 6 6 260°C 


“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


Voa=4ov,ik-o | 8 | | 


VGA = 40V, Ik = 0, 76 78 75 
Ta = 78°C 


Trance: Gare Havers Sarre Vex = 40V, Vak = 0 yoo, eo] 60} A | 
Vp-Vg Offset Volt Vg=t0V, Ag-10K2 [02 06 [02 06 102 06 
ee nalae ae Vs=10V, RGo=1 MQ 02 06 | 02 06 


poz 16 | 
Ver tov, Ag=1omn [sf 2a ft 
oe ee Ve=tov, Agatma | 2 [os [re | 
Vga tov, Rg= Wen | 7 [wo feo 
Vg=10V, Rg 10k2, 
Vv 
VE Anode-Cathode On-State Voltage Ip = 50 mA 


NOTES: 1. Oerate Nnearly to 126°C free-air temperature at the rate of 2 ma’? Cc. 
2. Derate linearly to 125°C free-air temperature at the rate of 2.5 mw/’c. 
*JEDEC registered data, This data sheet contains all applicable registered data in effect at the time of publication. 


IGAO Gate Reverse Current 


USES CHIP U41 
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TEXAS INSTRUMENTS 4-433 
INCORPORATED 
POST OFFICE BOX BO12 + DALLAS, TEXAS 75222 


TYPES 2NG116, 2N6117, 2N6118 
P-N-P-N SILICON PROGRAMMABLE UNIJUNCTION TRANSISTORS 


*operating characteristics at 25°C free-air temperature 


aneiié | _2nevi7_|_2nett@ 
PARAMETER TEST CONDITIONS UNIT 


[MIN MAX | 
% Output Pulee Rise Time Soe Figure 4 ec 


*PARAMETER MEASUREMENT INFORMATION 


B2 
e R2 
A 
R1 Interbase Resistance rag © nIsRe 
Intrinsic Standoff Ratio n » Rienz 
K 
AV, 
Vs AT+R2 
Wat's Ri:R2 
Bt GC RTeRZ 
FIGURE 1—PROGRAMMABLE UNIJUNCTION CIRCUIT FIGURE 2—EQUIVALENT CIRCUIT USED FOR TESTING 


VAK 


FIGURE 3—GENERAL ANODE CHARACTERISTICS 
VAA 


TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 
FIGURE 4—TESTING OPERATING CHARACTERISTICS 


*JEDEC registered data 
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TEXAS INST RUM ENTS of represent that they are free from patent infringement. 
INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 78222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO (MPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES AST61IG, ASTGI17, ASTETIS 
P-N-P-N SILICON PROGRAMMABLE UNIWJUNCTION TRANSISTORS 


BULLETIN NO DL-S 7311984, MARCH 1973 


SILECTt TRANSISTORS! FOR USE IN PULSE, TIMING, SWEEP, 
TRIGGER, AND OSCILLATOR CIRCUITS 


e@ Rugged One-Piece Construction with Standard TO-18 100-mil Pin-Circle Configuration 
e@ Low Peak-Point Current and Low Forward Voltage © Programmable n, rps, Ip, and ly 
mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to tight. 


THE GATE IS CONNECTED TO AN N REGION 


'-CATHODE | __ 9050 
TP. 


+0.002 
0.017 "5.001 DIA. 


3 LEADS 


0.500 MIN 0.005 3. ANODE 


. Lead diameter is not controlled in this area. 
. Leads having maximum diameter (0.019) shall be within 0.007 of their true 
positions measured in the gaging plane 0.054 below the seating plane of the 
.device relative to a maximum-diameter package. 
. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Anode-Cathode Voltage 2 6 6 6 ee +40V 
Gate-Anode Voltage 6 6 6 8 we et ee ee ee eee 40V 
Gate-Cathode Voltage: (Positive Limit) 2 2 6 6 6 2. ee ee ee ee eee AON 
(Negative Limit) 2 2 2. ee ee eee ee BV 

Continuous Anode Current 2. 2 0 6 1 ee ee ee 200 mA 
Repetitive Peak Anode Current: (tw = 100 ps, Duty Cycle< 1%) 2 1 6. 2 ee ee ee TA 
(ty = 20 us, Duty Cycle< 1%) 6 | we ee es 2A 

Nonrepetitive Peak Anode Current: (ty = 10s, Duty Cycle=0) 2. 2... - ee ee ee ee ee es 5A 
Continuous Gate Current A che aR PEG Pe BV Os Gaede Ss f +20 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note?) ....... - . 300mW 
Storage Temperature Range 6 ww we es —65°C to 150°C 
Lead Temperature 1/16 Inch from Case for GO Seconds . 6 2 6 6 we ee 260°C 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 
: VGA =40V, IK =0 


IGaQ Gate Reverse Current Vga =40V, Ix =9, 
Ta =75°C 


IGks Gate Reverse Current VoKk =40V, Vak =O 


Vg=10V, Rg=10k2 
Vp-Vs Offset Vottage S ce 


Vs=10V, RG=1Ma2 
Vg=10V, RGg=1MQ 


Vsg=10V, RG= 0k, 


od 0 
Ve Anode-Cathode On-State Voltage ip = 50 mA 


NOTE 1: Derate linearly to 125°C free-air temperature at the rate of 3 mw/°c. 


TTrademark of Texas Instruments Pp 
tU.S. Patent No. 3,439,238 USES CHIP U41 
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Texas INSTRUMENTS 4-435 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPES AST6116, ASTG6117, AST61I8 


P-N-P-N SILICON PROGRAMMABLE UNWJUNCTION TRANSISTORS 


operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


See Figure a 


A5T6116 AST6117 AST6118 
— [a [na [wa sais 


PARAMETER MEASUREMENT INFORMATION 


B2 
E 
R2 
A 
Interbase Resistance rag @A1+R2 
Ri ae AI 
Intrinsic Standoff Ratio n = RieR2 
K 


BI 


FIGURE 1—PROGRAMMABLE UNIJUNCTION CIRCUIT 


Risv, 
Ri+R2 
= R1-R2 
R1+R2 


FIGURE 2—EQUIVALENT CIRCUIT USED FOR TESTING 


TEST CIRCUIT 
FIGURE 4—TESTING OPERATING CHARACTERISTICS 


OUTPUT VOLTAGE WAVEFORM 
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TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS. TEXAS 75222 


PRINTED IN U.S.A. 
TE cannot assume ony responsibility for any circuits shown 
or represent thot they are free from patent infringement. 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND 10 SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2NG6449, 2N6450 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. DL-S 12003, MAY 1973—REVISED SEPTEMBER 1978 


HIGH-VOLTAGE FIELD-EFFECT TRANSISTORS 
e High V(BR)GSS . . . 300 V Min (2N6449) 
e@ High Dissipation Capability ...5 W 


*mechanical data 


THE GATE IS IN ELECTRICAL CONTACT WITH THE CASE 


0.260 (6,61) 
5-240 16,09} 


2-DRAIN 
0.236 (6,97) 0.5 (12,7) MIN. ae DIA aire 
0.216 (6,46) TEMPERATURE 
MEAS. POINT 


0,370 (9401 p,, 9.336 (6.51) 


0.350 (8,89) 0.315 (8,00) tas 


9.040 (1,02) 
0.029 (0,74) 
0.034 (0,864) 
0.028 (0,711) 


0.126 (3,18) 3 LEADS 


0.009 10.23) ~ 0.019 (0,483) 
0.100 (2,54) MIN a sae (0,406) 


SEATING 
DETAILS OF OUTLINE IN PLANE 
THIS ZONE OPTIONAL 1—SOURCE 


ALL LINEAR DIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS. INCH DIMENSIONS GOVERN. 


ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N6449 2N6450 


Drain-Gate Voltage . . . Lam Ab sie So Se eal an ge. Bee its ies ay Uk a Sete Re a 300 V 200 V 
Reverse Gate-Source Voltage Be oe Bispace hrs aah the ee Gee Rte ada ee a ae, Sr = BOONV. —200 V 
Continuous Forward Gate Current . . . 2. .)06 110 mMA—— 
Continuous Device Dissipation at (or below) "95° c Free- Air Tehipersture. (See Note 1) ... —800 mwW—> 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note2) . . . . «#——5SW——» 
Storage Temperature Range. . Ce ee ee ee) «#-65°C to 200°CH 
Lead Temperature 1/16 Inch (1,6 ant tieat Case for 10 Sicarats Coe ee ee ee) = 300°C —— 


NOTES: 1. Derate linearly to 175°C free-air temperature at the rate of 5.33 mw/°C. 
2. Derate linearly to 175°C case temperature at the rate of 33.3 mw/’c. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


uses cop JN 54 
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TEXAS INSTRUMENTS 4-437 
INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 
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TYPES 2N6449, 2N6450 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


Igss Gate Reverse Current 


Vasiott) _Gate-Source Cutoff Voltage 4 Ip=4nA 


Ipgs Zero-Gate-Voltage Drain Current Vps = 30V, Vgs= 0, See Note 3 
Smali-Signat Common-Source 

sl Forward Transfer Admittance 

Smalt-Signal Common-Source 

Output Admittance 

Common-Source Short-Circuit 

Input Capacitance 

Common-Source Short-Circuit 

Reverse Transfer Capacitance 


Wosl 
Ciss 


Cras 


NOTES: 3. This parameter must be measured using pulse techniques. ty = 300 ys, duty cycle < 2%. 


4. To obtain repeatable results, these parameters must be measured with bias conditions applied for less than 5 seconds. 
*JEDEC registered data 


THERMAL INFORMATION 
FREE-AIR TEMPERATURE CASE TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


P7—Maximum Continuous Device Dissipation—mW 
P+—Maximum Continuous Device Dissipation—W 


0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200 
Ta—Free-Air Temperature—°C Tc—Case Temperature—°C 
FIGURE 1 FIGURE 2 
PRINTED IN U.S.A. 978 
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INCORPORATED TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
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TYPES A5T6449, A5T6450, A8T6449, A8T6450 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. DL-S 12010, MAY 1973—REVISED OCTOBER 1978 


SILECTt HIGH-VOLTAGE FIELD-EFFECT TRANSISTORS 


e High V(BR)GSS . . . 300 V Min (A5T6449, A8T6449) 
e High Dissipation Capability .. . 1.6 W at 25°C Case Temperature 


mechanical data 


0.996 (9,49) Mane 


esos? 
SS 
S208 
ae ————— 
ima = —— = 
———— 
— 


O108 a i 


vere us 2 enters te bady may wry 
width and rlokness Inerears 


Inerease by 0.004 inch (0,702 mmm). 


0.105 14,19) 
0.128 (3,17) 


10.100 + 0.006 

12.54 2 0,13) 
0.080 + 0.008, 
(1,27 £ 0,23} 


met congratted kn tate ora. 
70 24 ml hom ng, main wt ent 18 AE? mel 
ead perentheticalty in milinesters, Inch demermions govern 


ALL JEDEC TO-226AA DIMENSIONS AND NOTES ARE APPLICABLE 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
AST6449 ASTG6450 


A8T6449 A8T6450 


Drain-Gate Voltage . . . Oy ci en We a eB Gh eed a re EE Se Wel de BOON 200 V 

Reverse Gate-Source Voltage bo Bie i ach oR eo ee td ode Woah GAS ee ee = 300M 1200. 

Continuous Forward Gate Current . . . te 10 MA —e 
Continuous Device Dissipation at (or below) 25° c Free- Air Tacisevature’ (See ‘Note 1) to to 625 MW 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 2). . +o 1.25 W 
Continuous Device Dissipation at (or below) 25°C Case-and-Lead Temperature (See Note 3) — 1.6W —o 
Storage Temperature Range . . toe ee ee eee 65°C to 150°C > 
Lead Temperature 1/16 Inch (1,6 min} fiom Case for 10 Seconds Lo ee ee em 260°C ——> 


NOTES: 1. Derate linearly to 150°C free-air temperature ot the rate of 5 mw/°c. 
2. Derate linearly to 150°C lead temperature at the rate of 10 mw/°C. Lead temperature is measured on the collector lead 1/16 inch 


from the case. 
3. This rating applies with the entira case (including the leads) maintained at 25°C. Derate linearly to 150°C case-and-tead 


temperature at the rate of 12.8 mw/c. 


TS Trademark of Texas Instruments 
tU.S. Patent No. 3,439,238 


USES CHIP J N 54 
el 
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TEXAS INSTRUMENTS 4.439 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TYPES AS76448, A5ST6450, A8ST6449, A8T6450 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


AST644 AST6450 
PARAMETER TEST CONDITIONS cles cong 


VipAajGss Gate-Source Breakdown Voltage Gane, Vps =0 een ar | He 
5==160V, Vps=0 a) 


CCA ee 

vag Vpog=0, Tastoorc]  -10] 
Ves==100V, Vpg=0, Tas 100] | =70] 
Vps=30V,__Ip=4nA |_=2 -15 | -2 -18 | v_| 
Vps=30V. Vas" 0, SeeNote4 | 2 10} 2 10 | ma_| 


Small-Signal Common-Source 
Forward Transfer Admittance 
Smail-Signal Common-Source 
Output Admittance 
Common-Source Short-Circuit 
input Capacitance 
Common-Source Short-Circuit 


Gate Reverse Current 


Vos = 30 V, Ves=0, f= 1 kHz, 
See Note 5 


Vos = 30V, Ves =0, f= 1 MHz, 
See Note 5 


Reverse Transfer Capacitance 


4] NOTES: 4. This parameter must be measured using pulse techniques. tw * 300 us, duty cycle < 2%. 
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5. To obtain repeatable results, these parameters must be measured with bias conditions applied for less than 5 seconds. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVES 


‘on roll ied Case~and=Lead 
erature 


KN 
in GS a al a 
TSN ee 
= Ne? 

ae 


Se ee 
pa es 

be SSRN 
IN 


_ 
° 


trolled Free-Air N 
temperate | LNA _| 


75 100-125 150 
ay - aoe —°C 


FIGURE 1 
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INCORPORATED TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
POST OFFICE BOX 225012 © DALLAS, TEXAS 75265 IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N6451 THRU 2N6454 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. OL-S 7312008, JUNE 1973 


DESIGNED FOR LOW-NOISE PREAMPLIFIER APPLICATIONS ESPECIALLY 
HYDROPHONES, IR SENSORS, AND PARTICLE DETECTORS 


e Low Vn,...5nV//Hz Max at 10 Hz (2N6461, 2N6453) 
© High lyfs| -- - 20 mmho Min (2N6453, 2N6454) 
e tLowlgss... 100 pA Max (2N6451, 2N6453) 


*mechanical data 


THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 


ALL DIMENSIONS ARE 
IN INCHES UNLESS 
OTHERWISE SPECIFIED 


1—-SOURCE 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N6451 -2N6452 
2N6453 2N6454 


Drain-Gate Voltage 6 ww ee 20V 26V 
Reverse Gate-Source Voltage 2 6 6 we ee ee -20V -—25V 
Continuous Forward Gate Current 26 6 we 10 mA— 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) . . . @—360 mW—> 
Storage Temperature Range 6. —65°C to 200°C 

Lead Temperature 1/16 Inch from Case for 10Seconds 6 6 we es a— 300°C —» 


NOTE 1: Derate tinearly to 178°C free-air temperature at the rate of 2.4 mw/c, 


*JEDEC registered data. This data sheet contains all applicable registered data.in effect at the time of publication. 
USES CHIP JN5S5 
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TEXAS INSTRUMENTS 444A 
INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES 2N6451 THRU 2N6454 
N-CHANNEL JUNCTION GATE FIELD-EFFECT TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


Gate-Source 


VIBRIGSS Breakdown Voltage 


Vos! 


Cres 


Gate Reverse Current 


Gate-Source 
Cutoff Voltage 
Zero-Gate-Voltage 
Drain Current 
Smal)-Signal 
Common-Source 
Forward Transfer 
Admittance 


Small-Signat 
Common-Source 
Output Admittance 


Common-Source 
Short-Circuit 
Input Capacitance 


Common-Source 
Short-Circuit 
Reverse Transfer 
Capacitance 


O$ 
Ves = —10V, 
Vps = 0 
Ves =-15V, 


Vps=10V, Vgs=9, 
See Note 2 


Vps7=10V, Ip=5mA, 

f*1kHz 

Vps*10V, Ip=15mA, 
f= 1 kHz, See Note 3 

Vps = 10 V, 

f= 1 kHz 

Vps=10V, Ip=15mA, 
f= 1 kHz, See Note 3 

Vps=10V, Ip =5mA, 

#=1MHz 

Vps=10V, tp=15mA, 
f= 1 MHz, See Note 3 

Vps=10V, Ip=5mA, 
f=1MHz 

Vps=10V, Ip=15mA, 
f= 1MbHz, See Note 3 


PARAMETER TEST CONDITIONST 


Common-Source 


F ; 


Spot Noise Figure 


Equivalent Input 
Noise Voltage 


*JEDEC registered data 
tThe fourth lead (case) is connected to the source for al] measurements. 
NOTES: 2. This parameter must be measured using pulse techniques. ty = 300 us, duty cycle < 2%, 


Vps=10V, Ip=5mA, 
Rg=10k2, f= 10Hz 
Vps710V, Ip=5mA, 
f=10Hz 

Vos = 10 V, 

f =.1 kHz 


3. To obtain repeatabie results, this parameter must be measured with bias conditions applied for less than five seconds. 
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TYPES 2N6461 THRU 2N6464 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7312012, MAY 1973 


HIGH-VOLTAGE 10-WATT TRANSISTORS 
FOR GENERAL PURPOSE AMPLIFIER APPLICATIONS 
IN LINE-OPERATED CIRCUITS 


e Solid-State Relays 

e High-Voltage Inverters 
e Voltage Regulators 

e Video Output 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 


ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage 6 ww wt ... 300V 250 V 
Collector-Emitter Voltage (See Note 1). 6 6 6 we es 300 V 250 V 
Emitter-Base Voltage 2 6 ww we es ‘ 7V 6V 
Continuous Collector Current . 2 2 6 6 ee ee ee ee ee <-—— 100 mA———> 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) . . .  #——1W——* 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note3) .. . . #———-10W——> 
Storage Temperature Range . . . 2. 1 ee we kee anaiint Te scat Bests ae ee tae TB —65°C to 200°C 
Lead Temperature 1/16 inch from Case for 10 Seconds . 2... ee es Lee. 300°C —e> 


NOTES: 1. This value applies between 0 and 10 mA collector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 175°C free-eir temperature at the rate of 6.67 mw/c. 
3. Derate linearly to 175°C case temperature at the rate of 66.7 mw/*c. 


*JEDEC registered data. This data sheet contains all applicabte registered data in effect at the time of publication. 
USES CHIP N31 
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TExAS INSTRUMENTS 4-443 


INCORPORATED 
POST OFFICE BOX 5012 *« DALLAS, TEXAS 78222 


TYPES 2N6461 THRU 2N6464 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


6461 2N646. 
PARAMETER TEST CONDITIONS 
ViBR)CBO Collector-Base Breakdown Voltage {ic =100uA, ig =0 3060 


Collector-Emitter l¢ =10mA, Ip =0, 
Vv E Cc B 
(BR)CEO Breakdown Voltage See Note 4 


ViBR)JEBO Emitter-Base Breakdown Voltage Ig =100uA, Ic=0 7 
Vcp=200V, te =0 
Veogp=150V, Ip =0 


Vcog = 200V, te =0, 
farewe || 
Vcp = 150V, Ie =0, 


lEBO Emitter Cutoff Current Vep=5V, tc=0 ; 10] 


> 


tcBo Collector Cutoff Current 


aeEee 


VceE=10V, Ic=4mA 
VcE=10V, Ic¢=20mA, 
See Note 4 


VceE=10V, Ic¢=40mA, 

See Note 4 

VcE=10V, Ic= 20mA, 
VBE Base-Emitter Voltage Piast 4 £ 1 ee: 


Static Forward Current 30 120] 100 300 


hFE 


Transfer Ratio 


Vieetal Collector-Emitter Ip =2mA, I¢ = 20 mA, 
Saturation Voltage See Note 4 

Small-Signal Common-Emitter VcE=20V, Ic¢=20mA, 

Prel Forward Current Transfer Ratio f = 20 MHz 


Vop=20V, te=0, 
Coll - i 
Cob ollector-Base Capacitance f= 1MHz, See Note 6 


NOTES: 4. These parameters must be measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
5. Cep measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the 
guard termina! of the bridge. 


3.5 1 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE CASE, TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


P; — Maximum Continuous Device Dissipation — W 
P; — Maximum Continuous Device Dissipation — W 


0 
0 23 50 (75 100 125 150 175 200 0 2 50 75 100 125 150 175 200 
Ty — Free-Air Temperature —°C Te — Case Temperature — °C 
FIGURE 1 FIGURE 2 


*JEDEC registered data 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 3N34 
N-P-N GROWN-JUNCTION SILICON TETRODE TRANSISTOR 


BULLETIN NO. DL-S 58960, AUGUST 1958 


Typical 22db Power Gain at 30 MC 


High Gein at High Temperature 
Designed for High Frequency ° IF Amplifiers 
RE Amplifiers ° Video Amplifiers * Oscillators 


mechanical data 


Welded case with glass-to-metal hermetic seal between case and leads. Unit weight is 1 gram. 
These units meet JEDEC outline TO-12 dimensions. 


0.245 (+ 0.0101 0.017 (+ 0,002, —0.001) DIA. COLLECTOR 
0.223 (+ 0.010) 4 LEADS 
r BASE 2 
BASE 1 
0.350 DIA. 
is G10) 0.320 DIA. 0.034 (+ 0.005) 
/ eee capi edaban 0.031 (£0,003) 
is00 EMITTER aS ia 
T¥+0.060, — 0.000) bis 9 ; 
ALL CONNECTIONS INSULATED FROM CASE ALL DIMENSIONS IN. INCHES 
maximum ratings at T, = 25°C 
Emitter Current. ©. . 2-2 eee ee 20 mA 
Collector Current 20. eee ee ee 20 mA 
Base No.1 Current. . 2... ee ee 5 mA 
Base No.2 Current. ©. ©. - - ee eee 5 mA 
Collector Dissipation (Derate 1 mW/°C for Advanced Temperatures). . . . 125 mW 


junction temperature 


Maximum Range 


hy eho ie he pte Bae Us —65°C to +150°C 
design characteristics at T, = 25°C (except as indicated) 


Collector Cutoff Current 
at 150°C 

Breakdown Voltage 

Breakdown Voltage 

Breakdown Voltage 

Saturation Resistance 

Base-to-Base Resistance 


Current Transfer Ratio 


Output Capacity Ip2 = —100QA 
Header Capacity 


high frequency measurements 
Current Transfer Ratio Ve = 2 
Series Input Resistance 13 
seal Cae i I¢ = —1.3mA 
arallel Output Capacitance sts 
Alpha Cutoff Frequency Ipz = —100uA 
Noise Figure { = 30Mc 
Power Gain 
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IN ORDER 70 IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 3N35 
N-P-N GROWN-JUNCTION SILICON TETRODE TRANSISTOR 


BULLETIN NO. DL-S 58961, AUGUST 1958 


Typical 20db Power Goin at 70 MC 
High Gain at High Temperatare 
Designed for High Frequency ° IF Amplifiers 
RF Amplifiers * Video Amplifiers ° Oscillators 


mechanical data 


Welded case with glass-to-metal hermetic seal between case and leads. Unit weight is 1 gram. 
These units meet JEDEC outline TO-12 dimensions. 


r 


| 0.200 (+ 0.005) 


0.245 (= 0.010) 
0.223 {= 0.010) 


0.017 {+ 0.002, — 0.001) DIA. 
4 LEADS 


BASE 1 


0.350 DIA. 
(+ 0.010) 0.320 DIA. 


0.034 {+ 0.005) 
(= 0.010) 


0.031 (£0,003) 


EMITTER - ys’ 
0.500 [A951 
F¥+0.060, — 0.0007 e? 


ALL CONNECTIONS INSULATED FROM CASE ALL DIMENSIONS IN INCHES 


maximum ratings at T, = 25°C 


Emitter Current. . . |. . |, Hee eee kk, 20 mA 
Collector Current tes MR aN. oe ASS el ay ape ok, 20 mA 
Base No.1 Current. . . . . . i, eM eB eee ae ae nt Sie 
Base No.2 Current . » » . SMA 


Collector Dissipation (Derate 1 mW/°C for Advanced Temperatures). . . . 125 mW 
junction temperature 


Maximum Range . . . . . , . i, se 2 ew 6.) 665°C to +150°C 
design characteristics at T, = 25°C (except as indicated) 


Collector Cutoff Current 
at 150°C 

Breakdown Voltage 

Breakdown Voltage 

Breakdown Voltage tei =0 

Saturation Resistance Ie) = 1.0mA 

Base-to-Base Resistance 


low frequency measurements 
Current Transfer Ratio 


Output Capaci 
Header Capacity 


high frequency measureménts 

Current Transfer Ratio Ve = 20V 

Series Input Resistance 

Paraltel Gutput Retistance Te = —1.3mA 
aralle! Output Capacitance = 

Alpha cto Frequency 'e2 = —100uA 
joise Figure f= 

Power Gain baa 
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DOUBLE-EMITTER TRANSISTORS 
DESIGNED FOR CHOPPER APPLICATIONS 


e Low Offset Voltage 

@ Excellent Thermal Stability : 

e Very Low Leakage... 2 nA max at 15 V (3N74, 3N75, 3N76) 
e High Breakdown Voltage . . . 18 V min (3N74, 3N75, 3N76) 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE. 


0.91 
4 Leaps 2918 Dia 0:100 


210 
O17 
0.030 06 3~- COLLECTOR 


MAX 
4— EMITTER 2 ALL DIMENSIONS 
ARE IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


“absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage 6 ee 
Emitter-One—Collector Voltage (See Note 1) 2 2 6 we ee ee 
Emitter-Two—Collector Voltage (See Note 1) 2. 6 6 6 6 6 ee ee 
Emitter-One—Emitter-Two Voltage (See Note2)) 6 6 6 ee es 
Emitter-One—Base Voltage 2 2 1 ee ee 


Emitter-Two—Base Voltage . 6 6 2 6 ee ee tt eee et 
Continuous Base Current «5 ww we ee ee 


Continuous Emitter-One Current 3. 2 1 6 eee ee ee tt 


Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 4) 
Storage Temperature Range. - we eS 


Lead Temperature 1/16 Inch from Case for 10Seconds 2 2. 6 6 ee ee ee es 


NOTES: 1. These values apply when the base and other emitter are open-circuited. 


Continuous Collector Current 2. 6 6 ee ee 


Continuous Emitter-Two Current 2. 6 ee ee ee ee 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note <) eer eee 


3N74 =3N77 
3N75 3N78 
3N76 3N79 
50V 40V 
18V 12V 
18V 12V 
418V +12V 
18V 12V 
18V 12V 


+120 mA— 
+20 mA—> 
«—1t10 mA—e 
a+110 mA—> 
+ 300 mW —> 
= 600 mW —> 
—65°C to 200°C 


— 230°C — 


. These values apply when the collector is short-circuited to the base but open-circuited with respect to the emitters. 


1 
2 
3. Derate linearly to 175°C free-air temperature at the rate of 2 mw/c. 
4. Derate linearly to 175°C case temperature at the rate of 4 mW/°C. 


* JE DEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


TEXAS INSTRUMENTS 
INCORPORATED 


TYPES 3N74 THRU 3N79 — 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. OL-S 7211692, MARCH 1972 


USES CHIP N12 


ne 


4-447 


TYPES 3N74 THRU 3N79 
N-P-N SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


a 


Collector-Base 
V(BRICBO Sieuksiown Voltada I¢=100KA, ley = Ie =0 


Emitter-Base 
ViBRIEBO Sine n Voltage le = 10 uA, Io = 0, See Note 5 


Emitter-Emitter 


2 a) 
L'gxQ Emitter Cutotf Current_| Veg=18V, Ic =0, SeeNowe6 | tt tna | 
Veve2™ +15 V, Vcg = 0, See Note 6 eel ee el 


See Note 6 
Emitter-Emitter ig =1mA, leq, =leg=0, See Figure 1, 
Mere 2(0h)| Offset Voitage Ta = ~26°C, 28°C, and 100°C a 
Offset Voitage Change x, 2 


Offset Voltage Change ig=t mA, le7 = le2=0, Tai)" 100°C, 
laVEte2(ote) lat, with Temperaturet ( 
Srnall-Signal 
Fele2(on) Emitter-Emitter 
On-State Resistance 
Smail-Signal 
h fe | Common-Emitter 
Forward Current 
Transfer Ratio 
Common-Base 
Cobo Open-Circult 
Output Capacitance 
Common-Base 
Cibo Open-Circult 
Input Capacitance 


IE 1E2(oft) Emitter Cutoff Current 


Ig=1mA, 
f= 1 kHz, 


ter =le2=0, te= 100KA, 
See Figure 2 


f = 20 MHz, 
See Note 


leq=le2*0, = 140 kHz 


Vep=5V, t¢=0, f= 140 kHz, 
See Note 5 


NOTES: 5. These limits apply separately for each emitter with the other emitter open-circulted. 
6. These parameters must be messured with the collector short-circulted to the base but open-circuited with respect to the emitters, 
The limits apply to both polarities of emitter-to-emitter voltage. 
totter Voltage Change is defined as the magnitude of the algebraic difference between the Offset voltages at two specified base currents or 
temperatures. 
*JEDEC registered data 
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TYPES 3N74 THRU 3N79 
N-P-N SILICON TRANSISTORS 


“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


TEST CONDITIONS IMIN MAX|MIN MAX| MIN MAX] 


Collector-Base 

ee CC 
Emitter-Base 
Emitter-Emitter 

ee arom vere ee fe fof 


Tiga —____Caietor Gott Curent | Vep=90V,_'e1=Te2~0 -—5 
Veen =20V, Vo -0, Se Now 6 =o 


le1E2loff) Emitter Cutoff Current 


Emitter-Emitter Ip=1mA, leq =1e220, See Figure 1, 


Nere2tots)| Offset Voltage Ta = =26°C, 28°C, and 100°C 
lv Offset Voltage Change 
E1E2(ofs) lalg with Base Current? 


Offset Voltage Change 
laVere2(ote) ATA with Temperature? 
Smail-Signal 
Te1e2(on) Emitter-Emitter 
On-State Resistance 
Smait-Signal 
h Common-Emitter 

t0| Forward Current 
Transfer Ratio 
Common-Base 
Cobo Open-Circuit 
Output Capacitance 
Common-Base 
Cibo Open-Circuit 
input Capacitance 


ig=1mA, leqy=ig220, 'e™ 100uA, 
f= 1 kHz, See Figure 2 


Voce = BV. le =1mA, f= 20 MHz, 
See Note 5 


Voep=5V, teq=utgeg=0, f= 140 kHz 


f = 140 kHz, 
See Note 5 


NOTES: 5. These limits apply separately for each emitter with the other emitter open-circuited. 
6. These parameters must be measured with the collector short-circuited to the base but open-circuited with respect to the emitters, 
The limits apply to both polarities of emitter-to-emitter voltage. 
tottset Voltage Change is defined as the magnitude of the algebraic difference between the offset voitages at two specified base currents or 
temperatures, 


PARAMETER MEASUREMENT INFORMATION 


Fete2ion) ™ wsie2 


FIGURE 1 FIGURE 2 


NOTES: 7. Care must be taken to avoid error due to thermocouple action. 

8. The voltmeter Impedance must be high enough that halving it does not change the measured value. 
*JEDEC registered date 
LD 


373 PRINTEO IN U.S.A. 
TI connot assume any responsibility for any circuits shown 
or represent that they are free from potent infringement. TEXAS INSTRUM ENTS 4-449 
AT 
TEXAS (NSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


IN ORDER TO IMPROVE DESIGN ANO TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 3N108 THRU 3Nt11 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7211693, MARCH 1972 


HIGH-VOLTAGE DOUBLE-EMITTER TRANSISTORS 
DESIGNED FOR LOW-LEVEL, HIGH-SPEED CHOPPER APPLICATIONS 
REQUIRING VERY LOW OFFSET VOLTAGE 


@ May be Used in Some Circuits Designed for N-P-N Types by Reversing 
Collector and Base Terminations 


¢ High Breakdown Voltages... 50 V Min (3N108, 3N109) 
© Low Offset-Voltage/Temperature Sensitivity 
e Extremely Low Leakage ... 0.1 nA Max at 25 V (3N108, 3N109) 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


4 tans OTE OA 


ALL DIMENSIONS 
ARE IN INCHES: 
UNLESS OTHERWISE 
SPECIFIED 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


“absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


3N108 3N110 
3N109 3N111 
Collector-Base Voltage ww wl et ee —-bOV -50V 
Emitter-One—Collector Voltage (See Note?) 2. 0... kt te et el -50V -30V 
Emitter-Two—Collector Voltage (See Note?) 2... 0... te -50V ~30V 
Emitter-One—Emitter-Two Voltage (SeeNote2) 2... ....2..0.,000 ee eee t50V +30V 
Emitter-One-Base Voltage 2. 2... et -b0V -30V 
Emitter-Two—Base Voltage. 2... tt et -50V -30V 
Continuous Collector Current 2 6 1. kk +20 mA—> 
Continuous Base Current 6 6. +20 mA—> 
Continuous Emitter-One Current 2... et + +10 mA— 
Continuous Emitter-Two Current ............ or Tied es PO sav cde Yolo wad kG +10 mA—> 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note3) .... . +300 mw —> 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note4) ......, + 600 mw — 
Storage Temperature Range 6 ww ee tt ee —85°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10Seconds . . . 2... 1 wee 300°C —» 
NOTES: 1. These values apply when the base and other emitter are open-circulted. 
2. These values apply when the collector is short-circuited to the base but Open-circuited with respect to the emitters. 
3. Derate linearly to 200°C free-air temperature at the rate of 1.71 mW/ C. 
4. Derate linearly to 200°C case temperature at the rate of 3.43 mw/*C. 
“JE DEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. USES CHIP P13 
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TYPES 3N108 THRU 3NiTi 
P-N-P SILICON TRANSISTORS 


“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


: au108 [_awT0e | SNTTO 
PARAMETER TEST CONDITIONS [_SNt0e_| 
| Panamerer | MIN MAX [MIN MAX | MIN MAX| 


; 3Niit | 
Pain MAX| ONT 


= 


\ Emitter Cutoff Vep=—-26V. Ic=9, ~o. 
ERO Current See Note 5 ; 


VeE1E2 =t25V, Vop=0, 
See Note 6 
Vei1e2=+25V. Vop=9, 
Ta = 100°C, See Note 6 
Ip =—1mA, {eq = Ie2=0, 
Ta = —28°C, 28°C, and 100°C, 
See Figure 1 


m 
9 
a 


Vv Collector-Base insevua i ieseo y : 
{BR)CBO Breakdown Voltage c * €17'E2 
Emitter-Collector le =—1HA, tg =0, 
Vv Vv 
(BRIECO Breakdown Voltage See Note 5 
Emitter-Base le =—-1HA, tc =0, 
Vv Vv 
usin Breakdown Voltage See Note 5 ee ie 
Emitter-Emitter leq =21HA, Veep = 0, 
+50 +30 v 
ViBRIETE2 Breakdown Voltage See Note 6 
Coitector Cutoff 
’ Vep=-—30V, !e,7!e2=0 -0.25 —0.25 0.5 -0.5 
0.5 


Emitter Cutoff 
Current 


1E1E2(off) 


eso 


Emitter-Emitter 
Mer€2tots)| Offset Voltage 


Ladd 


Offset Voltage 
IAVerE2(ofs} laig Change with Base 
Currentt 
Offset Voltage 
AVE rE 2(0fs) lat, Change with 
Temperaturet 
Smail-Signal 
fet1e2(on) Emitter-Emitter 
On-State Resistance 
Smalt-Signal 


ipa) = 1-5 mA, tp(2) = —0.5 mA, 
ler *le2=0 


Ig=—1tmA, leq = lea =0, 
Ta(iy= 100°C, Tara) =—28°C 


z r =z 


leq = le2=0, 
le = 100 uA, f=1 kHz, 
See Figure 2 


h | Common-Emitter 
fe Forward Current 
Transfer Ratio 
Common-Base 
Open-Circuit 

Output Capacitance 
Common-Base 
Cibo Open-Circuit 

Input Capacitance 


*PARAMETER MEASUREMENT INFORMATION 


NOTES: 5. These limits apply separately for each emitter with the 
other emitter open-circuited. 

6. These parameters must be measured with the collector 
short-circuited to the base but open-circuited with 
respect to the emitters. The limits apply to both 
polarities of emitter-to-emitter voltage. 


7. Care must be taken to avoid error due to thermo- = See Notes 
couple action. - 7 and8 
8. The voltmeter impedance must be high enough that 
halving it does not change the measured value. 
TOffset Voltage Change is defined as the magnitude of the algebraic 
difference between the offset voltages at two specified base 
currents or temperatures. Tete2(on) = 
*JEDEC registered data ete2(on) le 
FIGURE 1 FIGURE 2 
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IN ORDER 10 IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 3N128 
N-CHANNEL INSULATED-GATE 
DEPLETION-TYPE FIELD-EFFECT TRANSISTOR 


BULLETIN NO. OL-S 7312006, MARCH 1973 


DEPLETION-TYPE MOS SILICON TRANSISTOR 
For Use in VHF Amplifier Applications to 300 MHz 


© High |y¢s| . .. 5000 umho Min 
@ Low Feedback Capacitance, Crss . . . 0.35 pF Max 


*mechanical data 


THE SUBSTRATE IS IN ELECTRICAL CONTACT WITH THE CASE 


4—CASE AND SUBSTRATE 


ALL DIMENSIONS ARE IN 
INCHES UNLESS OTHER- 
00467 0.033 WISE SPECIFIED 


2-SOURCE 
1—-DRAIN 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


handling precautions 


Curve-tracer testing and static-charge buildup are common causes of damage to insulated-gate devices. Permanent 
damage may result if either gate-voltage rating is exceeded even for extremely short time periods. Each transistor is 
protected during shipment by a gate-shorting device, which should be removed only during testing and after permanent 
mounting of the transistor. Personnel and equipment, including soldering irons, should be grounded. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voitage .... 


Drain-Source Voltage (SeeNote1) 2. 2. 0. -.. 20V 
Forward Gate-Source Voltage . 2 2.) 1. 1V 
Reverse Gate-Source Voltage niet Dix verges 8 tes are aa Bay tinder tens a Le! we ao tal SA Pal Oe woe SOV 
Peak Drain Current (See Note2) 2... 1... ee ~ ss. . 5OMA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note3) ....... . . 330mW 
Storage Temperature Range. we ee ee ee) 65°C to 175°C 
Lead Temperature 1/32 Inch from Case for 10 Seconds ..........2,.2..2..4. 2...) 265°C 


NOTES: 1. This rating applies when the substrate is at the same potential as the source, 
2. This value applies for tw S20 us, duty cycle < 1%. 
3. Derate linearly to 175°C free-air temperature at the rate of 2.2 mW/*C. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
USES CHIP MN82 
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TYPE 3N128 
N-CHANNEL INSULATED-GATE DEPLETION-TYPE FIELD-EFFECT TRANSISTOR 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONSt 
IGssF_ Forward Gate-Terminal Current [Ves=1V. Vps=o 


Igssp _—«=Reverse Gate-Terminal Current 


Veg=-8V, Vos=0 | 50 | 


Ves=-8V, Vpos=9,  Ta= 128°C 


VaGsloff) Gate-Source Cutoff Current Vos=15V, Ip= 504A . = 


loss Zero-Gate-Voltage Drain Current Vps=15V, VGs=0, See Note 4 

Small-Signal Common-Source 
Vps=15V, Ip=5mA, f=1kH 

esl Forward Transfer Admittance DS D a - 


Ciss Rernerinouies Short-Circuit 
Input Capacitance 
= 


“operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONST [MIN MAX [UNIT 


= Vps=15V, Ip=5mA, f= 200MHz, 
F Common-Source Spot Noise Figure ; 
See Figure 1 
G Smatl-Signal Common-Source ; 
ps insertion Power Gain 


B Bandwidth (6 dB) 


& 
a 
ao 


Vpp = 16V, f= 200 MHz, See Figure 1 


TAI measurements are made with the substrate connected to the source. 
NOTE 4: This parameter must be measured using pulse techniques. ty < 20 ms, duty cycle < 15%. 


PARAMETER MEASUREMENT INFORMATION* 


0.5-3 pF 


3 pF OUTPUT 
To 


INPUT 
FROM 
50-2 
SOURCE 


-14V +16 V 


CIRCUIT COMPONENT INFORMATION 


Li: 4% turns #20 AWG, 3/16" dia., approx. 1/2” long, tapped 1 turn from ground end 
L2: 3% turns #20 AWG, 3/8” dia., approx. 1/2" long 
t Laadless disc ceramic capacitor 
ENeutralization fixed for a transistor having a typical value of Crgs 
Equivaient paraliel Input network: 
Yq’ = 0.175 mmbho—) (6.3 + 2.5) mmho; input network loss * 0.8 dB; 3-dB bandwidth = 20 MHz 


Equivalent parailel output network: 
Y _' = 0.5 mmho -j (1.9 + 0.63) mmho; output network joss = 2 dB; 3-dB bandwidth = 7.5 MHz 


FIGURE 1 


*"JEDEC registered data 
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IW ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 3N153 
N-CHANNEL DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTOR 


BULLETIN NO. DL-S 7311985, MARCH 1973 


DEPLETION-TYPE MOS SILICON TRANSISTOR 
DESIGNED FOR CHOPPER AND SWITCHING APPLICATIONS 


e Low rds(on) -- - 300 2 Max 
@ Low Cygs . . . 0.6 pF Max 
e Low Igss...50 pA Max 


“mechanical data 


THE SUBSTRATE IS IN ELECTRICAL CONTACT WITH THE CASE 


4 Leaps BER Oba 


ALL DIMENSIONS: 
ARE IN INCHES: 


UNLESS OTHERWISE 
SPECIFIED. 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


. | 


handling precautions 


Curve-tracer testing and static-charge buildup are common causes of damage to insulated-gate devices. Permanent 
damage may result if either gate-voltage rating is exceeded even for extremely short time periods. Each transistor is 
protected during shipment by a gate-shorting device, which should be removed only during testing and after permanent 
mounting of the transistor. Personnel and equipment, including soldering irons, should be grounded. 


“absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage . . . . WR Eg AS Roa a ee Re ey A OA Oe oe oe a we ee -20'V 
Drain-Source Voltage 2. 6 ee ee ee ee. 209 
Forward Gate-Source Voltage 2. 2... 1. we, iit, tad Gece ae Se Seas, 2 UBM 
Reverse Gate-Source Voltage 2. 2... ww eee Stee AE te ee Ae ene % Gina ye BV 
Peak Drain Current (See Note1) . 2... ...2.2.20.2.20.224.. se ee ee ee ee ee |) 6 SOMA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) ........ . 400mwW 
Storage Temperature Range . 2... wl, SO an Soa ee ea SOB t0°178°C 
Lead Temperature 1/32 Inch from Case for 10Seconds . 2... ee ee . 265°C 


NOTES: 1. This value applies for tw © 20 ms, duty cycle < 10%. 
2. Derate linearty to 175°C free-air temperature at the rate of 2.67 mW/C. 


*JEDEC registered data. This data sheet contains atl applicable registered data in effect at the time of publication. USES CHIP MNB2 
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TYPE 3N153 
N-CHANNEL DEPLETION-TYPE INSULATED-GATE FIELD-EFFECT TRANSISTOR 


*glectrical characteristics at 25°C free-air temperature (unless otherwise noted) 


IGssr Gate-Terminal Forward Current Ves 76 V, Vos = 0 | BOT pA | 
Vgs--8V,__Vps= a) 
IgssrR Gate-Terminal Reverse Current gs*-8 Ds=0 = 
Veg=-8V. Vps=0, Ta= 126°C] 5] nA 
[vps=tV, Ves=-8V_ | tr 
toloff) Drain Cutoff Current Vps= iV gs--8V > 
Vos=1V.  Vos=-8V. Tan izec{ tf uA 


Ip(on) On-State Drain Current Vps * 15 V, V6s = 9, See Note 3 


ri Smati-Signal Drain-Source v, 0, In =0 f= 1kH 
ds(on) On-State Resistance ia it : 


Common-Source Short-Circuit 
Cj Vos * 9, Ves7=—-8V, f=1MH 
ad Input Capacitance a bes ee | af or | 


Cc Ss ak 
Crss jommon-Source Snoreolcenle Vps = 9, Vos2-8V, f=1MHz 
Reverse Transfer Capacitance 


Vos = 0, 
[o} Drain-S i 
Sie: 


NOTES: 3. This parameter must be measured using pulse techniques. ty, = 300 ws, duty cycle < 2%. 
4, Cyg measurement empitoys a three-terminal capacitance bridge incorporating a ‘guard circuit. The gate and case are connected to 
the guard terminal of the bridge. 


Vos =-8V, f= 1MHz, 


TAI measurements are made with the case and substrate connected to the source. 
*JEDEC registered data 
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IN OROER TO IMPROVE DESIGN AND TO SUPPLY THE SEST PRODUCT POSSIBLE. 


TYPES 3N155 THRU 3N158, 3N155A THRU 3N158A 


P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


BULLETIN NO, DL-8 731 1918, JUNE 1973 


ENHANCEMENT-TYPETt MOS SILICON TRANSISTORS 


3N1656, 3N 155A, 3N156, and 3N166A 
Are Characterized For Applications Requiring Very High Input Impedance, 
Such as Series and Shunt Choppers, Mutliplexers, and Commutators 


3N157, 3N157A, 3N158, and 3N158A 
Are Characterized For Audio Amplifier Applications 


© Channel Cut Off with Zero Gate Voltage 
@ Square-Law Transfer Characteristic Reduces Distortion 


@ Independent Substrate Connection Provides Flexibility in Biasing 
*mechanical data 


THE SUBSTRATE IS IN ELECTRICAL CONTACT WITH THE CASE 


0.100 


2-ORAIN 
4=CASE AND SUBSTRATE 


ALL DIMENSIONS ARE 
IN INCHES UNLESS 
OTHERWISE SPECIFIED 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


handling precautions 


Curve-tracer testing and static-charge buildup are common causes of damage to insulated-gate devices. Parmanent 
damage may result if either gate-voltage rating is exceeded even for extremely short time periods. Each transistor 
is protected during shipment by a gate-shorting device which should be removed only during testing and after 
Permanent mounting of the transistor. Personnel and equipment, including soldering irons, should be grounded. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


3N155 3N167 
3N166A 3N187A 
3N156 3N158 
3N156A 3N168A 
“Drain-Gate Voltage 2. -.. -60V -50V 
“Drain-Source Voltage (See Note1) ......~., Wa cep engine Rukae Teenie ct 1... —86V —60 V 
“Forward Gate-Source Voltage... 0... kk te ee te . . . —0V —50 V 
“Reverse Gate-Source Voltage ......... 1 te tee ae SOV 50V 
*Continuous Drain Current .. 2... AO a ee a BO MA ep 
“Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (Sea Note 2). . . ¢—- 300mW—> 
“Storage Temperature Range : 


We ere ee Po eee eee 65°C to 200°C 
oe ere ++. Ge 300°C —> 


NOTES: 1. These voltage ratings apply when the substrate is at the same potential as the least-negative element, 
2. Derate linearly to 175°C tree-alr temperature at the rate of 2mw/c. 
*JEOEC registered date. This data sheet contains all applicable registered data in effect at time of publication. 
tEnhancement-mode operation entsits the use of a forward gate-source voltage to in 
Vgg™ 0, a8 opposed to depletion-mode operation wherein a reverse gate-source voitage is used to decrease drain current. An 
enhancement-type transistor is in the “off” state at Veg = 0 and hence will not operate hormally in the depletion mode. 


crease drain current from Ipgg, the drain current at 
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TYPES 3N155 THRU 3N158, 3N155A THRU 3N158A 
P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


*3N155 and 3N166 electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS a 


Vas" -26V, Vps*0 P= 10 

Vas= —50V, Vos=0 ie een 

Vas=26V,_Vos= Tt 

l@ssr - Reverse Gate-Terminal Current gg ~ 26 3-0 —ar 
aD 


!gsse Forward Gate-Terminal Current 


Ves=60V, Vpg=90 


lpss Zero-Gate-Voltage Drain Current oer 0s ase 
Vps=—-10V, Veg = 0, Ta = 126°C 
GSith) Geate-Source Threshold Voltage Vos =—10V, Ip =—10uA 


Ip(on) _ On-State Drain Current Vos=—15V, Veg=—10V, See Note 3 
VpSion) Drain-Source On-State Voltage Veg2-10V, Ip =—2mA 


Static Smali-Signal Drain-Source 


Smalt-Signal Drain-Source 
Varge-— h =0, - 
Fdeton) On-State Resistance as 10V, Ip=0 f= 1 kHz 


Common-Source Short-Circult 
Vpg= —-18V, =0, f= 140 kH 
Cine Input Capacitance bs Ae Vas = 0 . 


Common-Source Short-Circuit 
Voe = : s 
Reverse Transfer Capacitance os" 0 Vas*0 reo 


Cres 


a 


#3N155A and 3N156A electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS ane SNA | unr 
Ves" -26V, Vos =0 a a oe 
\GssF Forward Gate-Terminal Current Gg= 250, Vpg=0 a) a Le 
Vas=26V, Vos = 0  ) 
_Vps=0 paaees | ae 

Vog=—10V,_Vas=0 a 

2 [Vos=-10V, Vas=O 

!pss ‘ero-Gate-Voltage Drain Current Vos = =10V, Ves=0, Ta= 126°C /——=260 | _— 280] 
[Vps==10V, Ip=—10ua [1.6 -3.2| -3 8] VI 

Ip(on) _ On-State Drain Current Vps"=—-16V, Vgg=—10V, See Note 3 ;-5 | 


Static Smali-Signal Drain-Source 
r Ves" —-0V, Ipn=0 
Small-Signal Drain-Source 
Ves"=—-10V, Ip 29, f= 1 kH: 
"ds{on) On-State Resistance & be Z | 0) am 
Common-Source Short-Circuit 
Input Capacitance 


Common-Source Short-Circult 
Reverse Transfer Capacitance 


Ciss Vps=-15V, Veg =0, f= 140 kHz 


Vos = 0, Ves = 9, f= 140 kHz 


NOTE 3: This parameter must be measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
*JEDEC registered data 
FAI measurements are made with the case and substrate connected to the source. 
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TYPES 3N155 THRU 3N158, 3N1S5SA THRU 3N158A 
P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


*3N155, 3N155A, 3N156, 3N156A switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS+ 
tg Turn-On Delay Time ni 
t fon) Rise Time Yoo=—10V, — Dion) = ~2 mA, 
. 
VGS{on) = -10V, VGsioff) = 9, 
Turn-Off Delay Ti 


tan measurements are made with the case and substrate connected to the source. 


PARAMETER MEASUREMENT INFORMATION 


-15V 0 
INPUT 


8.2k2 


-10V ——-= 1 
t ] ' 
td(on) oF ar ae —- tdloff) 
t; —ol — — jo— tf 
! 


10 k2 OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zou, = 50 2, t, <2 ns, te < 208, ty > 10 ys, 


duty cycle = 2%, 
b. Waveforms are monitored on an oscilloscope with the following characteristics: ty < 10 ns, Rin > IMQ, Ci, < 1 PF. 


FIGURE 1 


*"JEDEC registered data 
Ssh i 
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TYPES 3N155 THRU 3N158, 3N155A THRU 3N158A 
P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


*3N157 and 3N158 electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS# et ee UNIT 


Ves =—-25V, Vps=0 


Ves =-50V, Vps=0 
Ves =—-25V, Vps= 0. Ta =55°C 


Vos =—50V, Vps = 0, Ta =55C 


Vos=25V, Vps=90 
Igssrn _- Reverse.Gate-Terminal Current SS DS 

Ves=50V, Vps=0 

Vps=—15V, Vgs=0 
Ipss Os GS ~ 


'GssF Forward Gate-Terminal Current 


Zero-Gate-Voltage Drain Current Vos 235V, Vasz0 
a 


veel Smalt-Signal Common-Source 
fs Forward Transfer Admittance 


Small-Signal Common-Source 
‘s Input Capacitance 
ras Reverse Transfer Capacitance 


*3N157A and 3N158A electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Vps=—-15V, Ip=-2mA, f= 1 kHz 


Vos = —15V, Veg =0, f = 140 kHz 


| 
wo 
i 
~ 


158A 
PARAMETER TEST CONDITIONS a UNIT 
Ves= 25, Vog=0 [10] 10) pa 
Ves =—50V, Vps=0 tf] 
lGssF Forward Gate-Terminal Current GS DS 3 ee 
Ves=—25V. Vps=0,taseec | __-10f 10] na | 
Ves=—50V, Vps=0,ta=sec | -1[ 1 # | 
[Ves=25V, Vos=0 «dT SOC 
lgssR _— Reverse Gate-Terminal Current ie iad _ im 
Ves=80V. Vos=0 Femeees | eee) 
Vps=—18V. Vas=0 [=a38 | =0.28| 
Ipss _-Zero-Gete-Voltage Drain Current 25 nA | 
Vos==50V, Vas=0 a) 
VGsith) Gate-Source Threshold Voltage Vos=—15V, Ip=—10uA p15 -32|-3 -5| V | 
Ves Gate-Source Voltage Vos =—-15V, Ip =—0.5mA [-1.5 5.5 | -3 7 
ID(on)  On-State Drain Current Vps=—15V, Vgsg=—10V, See Note 3 Ee ee ae 
Wel orrd Vanes Ain ee a) ae 
fs 7 
sfer A 
roost Transfer Admittance Vps=-15V, ip=-2mA, f=1kHz 
Weel Smatl-Signat Common-Source ‘ithe 
Sid Output Admittance 
: paees —— ; Fs} 
iss ? 
tnput Capacitance 
Vps = —-15V, Ves =9, f = 140 kH: 
Cr Common-Source Short-Circuit DS bss . 
7 Reverse Transfer Capacitance 


NOTE 3: This parameter must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
*JEDEC registered data 
Eat measurements are made with the case and substrate connected to the source. 
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TYPE 3N160 
P-CHANNEL ENHANCEMENT- TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTOR 


BULLETIN NO. DL-S 7011149, MARCH 1970 


ENHANCEMENT-TYPEt MOS SILICON TRANSISTOR 


For Applications Requiring Very High Input Impedance, Such as 
Series and Shunt Choppers, Multiplexers, and Commutators 
@ Channel Cut Off with Zero Gate Voltage 
e Square-Law Transfer Characteristic Reduces Distortion 
e@ Independent Substrate Connection Provides Flexibility in Biasing 
e Diode-Protected Version Available ...3N161 


*mechanical data 


THE SUBSTRATE IS IN ELECTRICAL CONTACT WITH THE CASE 


4 saps 207% DIA atce 


3-CASE AND SUBSTRATE 


ALL DIMENSIONS ARE 
IN INCHES UNLESS 
OTHERWISE SPECIFIED 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


handling precautions 


Curve-tracer testing and static-charge buildup are common causes of damaye to insulated-gate devices. Permanent 
damage may result if either gate-voltage rating is exceeded even for extremely short time periods. Each transistor is 
protected during shipment by a gate-shorting device, which should be removed only during testing and after permanent 
mounting of the transistor. Personnel and equipment, including soldering irons, should be grounded. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage 2... 1 1. we ee ke ee os Meg reria wate ee eas CSZ5'V 
Drain-Source Voltage 6 6. 1 ww ee ee et ee ee ee ee) 62 
Forward Gate-Source Voltage . . 2... 1... ee eee Bohr AB cer lee Ba Gee ee oe ee ew 6 62 
Reverse Gate-Source Voltage. 2... .....20084 iy Wea aah vaare: te Sete i ee ee a ee eee 2BV 
Continuous DrainCurrent . 2... 1... ee ee rr 2.207 -\ 
Continuous Device Dissipation at lot below) 25° © Free-Air Temperature (See Note 1) see ee we ee 86OMW 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note2) ...... ». . 1.8W 
Storage Temperature Range. . ante Kiee Goth ane eRe a eee ee ” 65 °C to 200°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds WS soit ae Pk Wk OM bia Ue eae de B00°C 


NOTES: 1. Derate linearly to 175°C free-air temperature at the rate of 2.4 mw/°C. 


2. Derate linearty to 1 75°C case temperature at the rate of 12 mW/°C. 


"JEDEC registered data. This data sheet contains ali applicable registered dats in effect at the time of publication. 


t Enhancement-mode operation entails the use of a forward gate-source voltage to increase drain current from Ipss. the drain current at 
Vos = 0, 88 Opposed to depletion-mode operation wherein a reverse gate-source voltage is used to decrease drain current. An enhancement-type 
transistor is in the “off” state at VGs = 0 and hence will not operate normally in the depletion mode. 
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TYPE 3N160 
P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTOR 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONSt [min MAX [UNIT 


IGSSF Forward Gate-Terminal Current Ye =I35V Te = Ta = 100°C | = ed 
[GSR Reverse Gate: Terminal Curent [vas=25V, Vos=0 | SSO A 

Vps==18V, Vos=0 [= 10a 
loss Zero-Gate-Voltage Drain Current Vps = 228V, Vgs=0 tao oa] 


VGsith) __Gate-Source Threshold Voltage Vos =—15V, Ip =—10 4A j-1.5  —-5] V | 
Ves Gate-Source Voltage Vos =—15V, Ip =—-8mA 


'ID(on) On-State Drain Current Vos =—15V, Vgg=—-15V, SeeNote3 | —40 —120 
Small-Signa! Common-Source 


Ivesl Forward Transfer Admittance 
Ives! Smali-Signal Common-Source 
2 Output Admittance _ Vos =—15V, Ip=—8mA 
G Common-Source Short-Circuit 
ed Input Capacitance 
Cc Common-Source Short-Circuit 
ae Reverse Transfer Capacitance 


NOTE 3: These parameters must be measured using pulse techniques. tp * 100 ms, duty cycle < 10%, 
*JEDEC registered data 
Tt Ail measurements are made with the third lead (case and substrate) connected to the fourth tead (source). 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE CASE TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


6 i ne 
oe a 
Ei a Ei 


P7—Maximum Continuous Device Dissipation—mW 
Py—Maximum Continuous Device Dissipation—W 


08 
0.6 
0.4 
0.2 

0 

0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200 
Ta—Free-Air Temperature—"C Tc--Case Temperature—C 
FIGURE t FIGURE 2 
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TYPE 3N161 
P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTOR 


BULLETIN NO. DL-S 7311298, FEBRUARY 1970—REVISED MARCH 1973 


DIODE-PROTECTED ENHANCEMENT-TYPET MOS SILICON TRANSISTOR 


For Applications Requiring Very High Input Impedance, Such as 
Series and Shunt Choppers, Multiplexers, and Commutators 


@ Channel Cut Off with Zero Gate Voltage 

@ Square-Law Transfer Characteristic Reduces Distortion 

e {ndependent Substrate Connection Provides Flexibility in Biasing 

® Internally Connected Diode Protects Gate from Damage due to Overvoitage 
@ Version Available without Diode Protection... 3N160 


description 


This device is designed for applications requiring very high input impedance, such as choppers, commutators, and 
logic switches. The device is protected from excessive input voltage by a shunting diode connected from the gate to 
a the substrate. This eliminates the need for most precautionary handling procedures associated with unprotected MOS 


devices. - 
*mechanical data 
THE SUBSTRATE IS IN ELECTRICAL CONTACT WITH THE CASE 


0.100 
3-CASE AND SUBSTRATE 


ALC OIMENSIONS ARE 
IN INCHES UNLESS 
OTHERWISE SPECIFIED 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Draln-Gate Voltage: «304 ase ew ea NN Ba ar are Oe ee ee ew SEV 
Drain-Source Voltage .... . Seg a een ay RE eee a Ee Mal ae eee CLO M 
Continuous Forward Gate-Terminal Current | a Rp a SW adn ae a a ee ee a SOMA 
Continuous Reverse Gate-Terminal Current 3... 6 1. ee ee ee ee ee ee ee ee) 6 TOMA 
Continuous Drain Current . . coe ee ee ee) 6125 MA 
Continuous Device Dissipation at (or below) 25° C Free-Air Temperature (See Note 1). eee ee ew ew ee 360 mW 
Continuous Device Dissipation at (or below) 25° Coen gener (SeeNote2) ........... 1.8W 
Storage Temperature Range . . oe eee ee ew ee ee) 65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds sfrke Givigrcia wr3, oa ev Teh hes ck Caton oh as bony Ged! 300°C 


NOTES: 1, Derate Jinearly to 175°C free-air temperature at the rate of 2.4 mw/*c. 
2. Ocrate linearly to 178°C case temperature at the rate of 12 mw/°c. 
*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
tEnhancement-mode operation entalls the use of a forward gate-source voltage to increase drain current from Ipgg, the drain current at 
Ve6s= 0, as Opposed to depletion-mode operation wherein a reverse gate-source voltage is used to decrease drain current. An 
enhancement-type transistor is in the “off’’ state at VGgg = 0 and hence will not operate normally in the depletion made. The protective 
shunting diode is reverse-biased by the application of forward gate-source voltage. 
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TYPE 3N161 
P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTOR 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


Smatl-Signal Common-Source 
Forward Transfer Admittance 
Smaii-Signal Common-Source 
Output Admittance 
Common-Source Short-Circuit 
Input Capacitance 
Common-Source Short-Circuit 
Reverse Transfer Capacitance 


NOTES: 3. To ensure that the gate-shunting diode is functioning properly, this voltage is measured while the device is conducting rated 4 
forward gate-terminal current. 
4. This parameter must be measured using pulse techniques. tp = 100 ms, duty cycte < 10%. 
*JEDEC registered data 


TAI measurements are made with the third lead (case and substrate) connected to the fourth lead (source). 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE CASE TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


Ca a 
SMS eaReRe 
-—\— 


400 


Py—Maximum Continuous Device Dissipation—mW 
N 
8 

Py—Maximum Continuous Device Dissipation—W 


ce) 
0 25 50 75 100 125 160 175 200 0 25 50 75 100 126 150 175 200 
Ta—Free-Air Temperature—C Tc—Case Temperature~°C 
FIGURE 1 FIGURE 2 
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TYPES 3N163, 3N164 
P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


BULLETIN NO. DL-8 7211760, JULY 1972—REVISED NOVEMBER 1972 


ENHANCEMENT-TYPEt MOS SILICON TRANSISTORS . 


For Applications Requiring Very High Input Impedance, Such as 
Series and Shunt Choppers, Multiplexers, and Commutators 


e@ Channel Cut Off with Zero Gate Voltage 
e@ Square-Law Transfer Characteristic Reduces Distortion 
e Independent Substrate Connection Provides Flexibility in Biasing 


“mechanical data 


THE SUBSTRATE IS IN ELECTRICAL CONTACT WITH THE CASE 


4 mans STF DIA ateo 


3-CASE AND SUBSTRATE 


ALL DIMENSIONS ARE 
IN INCHES UNLESS 
OTHERWISE SPECIFIED 


1-DRAIN 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


handling precautions 


Curve-tracer testing and static-charge buildup are common causes of damage to insulated-gate devices. Permanent 
damage may result if either peak gate-voltage rating is exceeded even for extremely short time periods. Each transistor 
is protected during shipment by a gate-shorting device which should be removed only during testing and after 
permanent mounting of the transistor. Personnel and equipment, including soldering irons, should be grounded. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


3N163 3N164 
“Drain-Gate Voltage . . . a pia ap  a we Se ae wl A oe ae oe Sy OV, S30 
*Drain-Source Voltage (See Note 1) Oo Ae SEE A Ge ag eo ee a Go SON S8OV 
*Source-Drain Voltage (See Note 1) 2. 2 1 1 ee ee ee ee eee ee 6 4OV -30V 
“Peak Gate-Source Voltage .. . OM welds @ ala ae oe ks Hea de aes I We 126°V 
*Gate-Source Working Voltage (See Note 2) nv de ale: wet el “uel aoe BG a ee de ae <RAO'V> <30'V 
Gate-Substrate Working Voltage (See Note 2)... 1. 1 we ee ee ee ee ee) 6 H4AOV -30V 
“Continuous Drain Current ... . tee ee 50 MA 
*Continuous Device Dissipation at (or below) 25° c ‘Free-Air Tenperaturs (See Note 3) woe) 375 MW 
“Storage Temperature Range . . . ete wet Boal do oS ves ao she a aie Hovaoweleh Be Se) OBC 'to 200°C 
“Lead Temperature 1/16 Inch from Case for 10 Seconds bbw eat Oe ee a 265 Oe 


NOTES: 1, These voltage ratings apply when the substrate is et the same potential as the least-negative element. 
2. The working voltage ratings are based on jong-term reliability considerations and may be exceeded for short Intervals. 
3. Derate linearly to 150°C free-air temperature at the rate of 3 mW/°C, 
*JEDEC registered data. This data sheet contains ali applicable registered data in effect at time of publication. 
tEnhancement-mode operation entails the use of a forward gate-source voltage to increase drain current from Ipgs, the drain current at 
: Vos =, a8 opposed to depletion-mode operation wherein a reverse gate-source voltage is used to decrease drain current. An 
enhancement-type transistor is in the ‘‘off’’ state at VGs = 0 and hence will not operate normally in the depletion mode. 
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TYPES 3N163, 3N164 
P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


*3N163 electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
TEST CONDITIONS+ [MIN MAX | UNIT | 


‘ MMR ee Ten ee [ Vas=-40V, Vog=o T= 10 
IGssp__ Reverse Gate-Terminal Current [ Ves=40V, Vpg=0 | 10 | A 
: SF ocstiade Velace Oia [ Vpg==18V. Vgg=0 | 0.2 | nA 
eee Vps= 40. Vas =9 [10 [xa 
Vsp=—20V, Vgp=0, _SeeNote4 | 0.4 | nA_| 
t Zero-Gate-Voitage S Cc t 
sps Zero: nae Soruroe Current Vsp=—40V, Vep=0, _SeeNote4 | 10 vA | 
Vps=—15V, Ip =—10uA | —2 —6 | 
Vv Gate-Source Threshold Vol Vv 
GS(th) pleas Vos" Vos. 'p=—10uA |-2_ 5 
Ves _ Gate-Source Voltage Vos =-15V, Ip =-0.5mA |-3 -65/ Vi | 
IDton) _On-State Drain Current Vps=—16V, Vgg=—10V, SeeNote5 | —-5 —30| ma | 
(DS(on) Static Drain-Source On-State Resistance Ves =—20V, Ip =—100 uA | sof] a2 | 
fs Smalt-Signal Common-Source Forward Transfer Admittance | Vos =—15V, Ip =—10mA, f= 1 kHz, | 2 4 |mmho | 
'O8 Smatl-Signal Common-Source Output Admittance See Note 6 | 250 Tumho | 


Cigs Common-Source Short-Circuit Input Capacitance 


Cc Common-Source Short-Circuit Reverse Transfer Capacitance 


i 
8S 
Coss Common-Source Short-Circuit Output Capacitance 


Vos = —-15V, Ip =—10mA, f= 1 MHz, 
See Note 6 


*3N164 electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS+ 


(@ssF Forward Gate-Terminal Current 


US 
IGssp__ Reverse Gate-Terminal Current Vos" 30V, Vos=0 
5 < 
0: = 


; | Vos=-18¥, Vgs=O 
lpss Zero-Gate-Voltage Drain Current Vos=—30V, Vag=0 


Vso = —20V, Vgp = 9, See Note 4 
Vsp = -30V, Vgp = 0, See Note 4 


Vos =-15V, Ip =—10nA 
ee eee ee [Vps= Ves. 'p=-10uA 
i) 


VG Gate-Source Voltage Vos =—15V, Ip = -0.6mA = 5 
IpD(on) _On-State Drain Current Vps =—16V, Vgg =—10V, See Note 5 


TDS(on) Static Drain-Source On-State Resistance Vgs = —20V, Ip = -100 vA 
| Wee Small-Signal Common-Source Forward Transfer Admittance | Vpg=-15V, Ip=—10mA, f= 1 kHz, 
| Hos! Small-Signal Common-Source Output Admittance See Note 6 


Cigg Common-Source Short-Circuit Input Capacitance 
Cras Common-Source Short-Circuit Reverse Transfer Capacitance 


Coss Common-Source Short-Circuit Output Capacitance 


Isos Zero-Gate-V oltage Source Current 


HEEL < BEEBE 


Vos =-18V, Ip =—10mA, f= 1 MHz, 
See Note 6 


NOTES: 4, For the measurement of igng, the substrate must be connected to the drain. 

5. This parameter must be measured using pulse techniques. ty = 300 us, duty cycie <& 2%. 

6. These parameters must be measured with bias conditions applied for less than 5 seconds to avoid overheating. 
*JEDEC registered data 
FAN measurements except Igng are made with the case and substrate connected to the source. 
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TEXAS, INSTRUMENTS 4-485 


NCORPORATED 
POST OFFICE SOX 5012 + DALLAS, TEXAS 75222 


TYPES 3N163, 3N164 
P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


SS SS SSS SSS 


*switching characteristics at 25°C free-air temperature 


; PARAMETER TEST CONDITIONS 
td(on) Turn-On Delay Time 


Vob = -15V, ID(on) = —10 mA, 
V@sion) "—10V. VGsioft) = 9 
toff  Turn-Off Time See Figure 1 


CSC 
PARAMETER MEASUREMENT INFORMATION 


-16V J 


INPUT 


INPUT 


| 

OUTPUT § | l 
t 
t 
J 


OUTPUT 


€ 
ie 
; 
r 
fecal 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the 
te <2 ns, ty > 200 ns. 


b. Waveforms are monitored on an oscilloscope with the following characteristics: t, < 0.2 ns, Rin > 10 MQ, Cin S 2 PF. 


foliowing characteristics: Zout 750 2, duty cycle ~ 2%, ty S2ns, 


*JEDEC registered data 
FAN measurements except Igps are made with the case and substrate connected to the source. 


PRINTED IN U.S.A. 
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POST OFFICE BOX 8012 » DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 3N168, 3N170, 3NT71 


N-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


BULLETIN NO. DOL-S 7311983, MARCH 1973 


ENHANCEMENT-TYPE?t MOS SILICON TRANSISTORS 
For Applications Requiring Very High Input Impedance, Such as 
Series and Shunt Choppers, Multiplexers, and Commutators 
e Channel Cut Off with Zero Gate Voltage 
e Independent Substrate Connection Provides Flexibility in Biasing 


*mechanical data 


THE SUBSTRATE IS IN ELECTRICAL CONTACT WITH THE CASE 


0.100 


3—ORAIN 
— CASE AND SUBSTRATE 


ALL DIMENSIONS ARE 
IN INCHES UNLESS 
OTHE RWISE SPECIFIED 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


handling precautions | 


Curve-tracer testing and static-charge buildup are common cuases of damage to insulated-gate devices. Permanent 
damage may result if either gate-voltage rating is exceeded even for extremely short time periods. Each transistor 
is protected during shipment by a gate-shorting device which should be removed only during testing and after 
permanent mounting of the transistor. Personnel and equipment, including soldering irons, should be grounded. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


*Drain-Gate Voltage 6 6 6 es Uh As atest cities sence tte de Ae veisiesecante aoa ane +35 V 
“Drain-Source Voitage (SeeNote1) 6 6 6 ee 25 V 
“Forward Gate-Source Voltage... 6. 6 ee ee S caegitda te ferveanele "Scat 8: WORE ee Cota es 35 V 
*Reverse Gate-Source Voltage. 2. 6 6 ee ee et ai ie ui cas sch Te len cbht Smee yeial ap aes ah Ge -35 V 
*Continuous Drain Current 2. 2 0 2. ee we ee ee 6 68OMA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2)  ..... - +s 300 mw 
*Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note3) . .. - . - .. . . 800mwW 
*Storage Temperature Range. 6 ee . 1. .  ~65°C to 200°C 
*tLead Temperature 1/16 Inch from Case for 60 Seconds ...-..- - te arse teat olay wens wet 2A0S 


NOTES: 1. This voltage rating applies when the substrate is at the same potential as the least-negative element. 
2. Derate linearly to 200°C free-air temperature at the rate of 1.71 mw/c. 
3. Derate linearly to 200°C case temperature at the rate of 4.56 mw/c. 


* JEDEC registered data. This data sheet contains all applicable registered data in effect at time of publication. 

tEnhancemant-mode operation entails the use of a forward gate-source voltage to increase drain current from Ings, the drain current at 
Ves 70, a8 opposed to depletion-mode operation wherein a reverse gate-source voltage is used to decrease drain current. An 
enhancement-type transistor is in the “off” state at Vag = 0 and hence will not operate normally in the depletion mode. 


USES cue MN83 


Sl 
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TEXAS INSTRUMENTS 4-487 


INCORPORATED 
POST OFFICE BOX 5012 © DALLAS, TEXAS 75222 


TYPES 3N169, 3N170, 3N171 
N-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONSt 
ViBR)OSS Drain-Source Breakdown Voltage Ip=10unA, Vgsg=0 


*IGSSF Forward Gate-Terminal Current ss = 3 BM V. Vps =0 Ta = 125°C 


*iGssr Reverse Gate-Terminal Current VGs = —35 V, Vos = 0 


*Ipss Zero-Gate-Voltage Drain Current 


*Vesith) 


“Ip(on) On-State Drain Current Vps=10V, VGgg=10V, See Note 4 
*VDS(on) Drain-Source On-State Voltage VGs=10V, Ip=10mA 


Smatl-Signal Drain-Source 


ee 


Gate Source Threshold Voltage Vos=10V, Ip =10HA 


* Ves=10V, Ip=90, f=1kH 
‘ds(on) On-State Resistance Gs D Z 
Smali-Signal Common-Source 
Vps=10V, Ip=2mA, f=1kHz 
Mts| Forward Transfer Admittance DS a 
Common-S. Short-Circuit 
“Ciss ee eee ge ee Vos=10V, Vgg=0, f= 1 MHz 


tnput Capacitance 


Common-Source Short-Circuit 
*C, Vos = 3G, Vv =0, #=1MHz 
ee Reverse Transfer Capacitance DS GS 


Vps=10V. Vgs=0, f=1MHz, 
*Cas Drain-Source Capacitance no Gs-0 : 
See Note 5 


NOTES: 4. This parameter must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
5. Cag Measurement employs a three-terminal Capacitance bridge incorporating a guard circuit. The gate and the case are connected 
to the guard terminal of the bridge. 


*switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONStT 


Turn-On Delay Time 
<ston) Ais me Vpop = 10V, Ipton) = 10 mA, 
r 
VGsion)* 10V, Vasiott) = 9, 
T iff D i 
tdloff) urn-Off Delay Time See Figure 1 


tr Fall Time : 


T All measurements are made with the case and substrate connected to the source. 
*JEDEC registered data 


PARAMETER MEASUREMENT INFORMATION 


10V 
0,001 uF 10V ——— 
502 INPUT 
OUTPUT ov ' } 
750 | 
t t 
0.1 nF d(on) 9 a d{ off) 
—4 bet ey 
INPUT | I od 
| 10% 
eos OUTPUT 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zout = 50 &, duty cycle < 1%, ty © 0.33 ns, 
te © 0.33 ns, ty * 0.4 ys. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: ty © 0.4 ns, Rip = 50 2, Cin <2 pF. 


FIGURE 1 
PRINTED IN U.S.A 
Ti cannot assume ony responsibility for any circuits shown 
4-468 TEXAS INST RUMENTS or represent that they are free from patent infringement. 


INCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 3N174 
P-CHANNEL ENHANCEMENT-TYPE 


INSULATED-GATE FIELD-EFFECT TRANSISTOR 


BULLETIN NO. DL-S 7011285, JANUARY 1970 


ENHANCEMENT-TYPEt MOS SILICON TRANSISTOR 


For Applications Requiring Very High Input impedance, Such as 
Series and Shunt Choppers, Multiplexers, and Commutators 


© Channel Cut Off with Zero Gate Voltage 
© Square-Law Transfer Characteristic Reduces Distortion 


@ Independent Substrate Connection Provides Flexibility in Biasing 


e Similar to 2N4065 


*mechanical data 


THE SUBSTRATE IS IN ELECTRICAL CONTACT WITH THE CASE 


oor 
4 ADS ore ow 0.100 


3-CASE AND SUBSTRATE 


ALL DIMENSIONS ARE 
iN INCHES UNLESS 
OTHERWISE SPECIFIED 


1-DRAIN 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


handling precautions 


Curve-tracer testing and static-charge buildup are common causes of damage to insulated-gate devices. Permanent 
damage may result if either gate-voltage rating is exceeded even for extremely short time periods. Each transistor is 
protected during shipment by a gate-shorting device which should be removed only during testing and after permanent 
mounting of the transistor. Personnel and equipment, including soldering irons, should be grounded. 


absolute maximum ratings at 25°C free-air temperature (uniess otherwise noted) 


*Drain-Gate Voltage 2 ww we es Nei Oise cee We ye aoa ee eee ec. = 3ON 
*Drain-Source Voltage (See Note 1) .... - bas sh Bibe held oan ks ets Been eh @ ate aoe a hy SOM 
Source-Drain Voltage (See Note 1) . Sd te Seg teal ige ob SSE: Ny hy Cag teeng Mac: Ciro, fe BATA Sy KO e's -30V 
*Eorward Gate-Source Voltage 6 6 6 6 ee —30 V 
“Reverse Gate-Source Voltage. 6 6 ee et 30V 
Gate-Substrate Voltage ‘ Satan SR RENO tetas Chon ape Replat oie eia Rina Ses dot Ais 04) GO et aaa ‘ —30 V 
*Continuous DrainCurrent 2. 6 0 ee ee ee ee ee ROMA 
*Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2)... ... =. - 360mW 
*Storage Temperature Range. 6 2 ee —65°C to 200°C 
“Lead Temperature 1/16 Inch from Case for 10 Seconds. - ) ee ee te 300°C 


NOTES: 1. These voltage ratings apply when the substrate is at the same potential as the least-negative element. 
2. Derate linearly to 175°C free-air temperature at the rate of 2.4 mw/*C. 
*JEDEC registered data 
tEnhancement-mode operation entails the use of a forward gate-source voltage to Increase drain current from Ipgs, the drain current at 
Ves 70, a opposed to depletion-mode operation wherein a reverse gate-source voltage is used to decrease drain current. An 
enhancement-type transistor Is in thé “off” state at VG@g = 9 and hence will not operate normally in the depletion mode, 


USES CHIP MP93 


aE 
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T EXAS. INSTRUMENTS 4-469 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPE 3N174 
P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTOR 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Vos = 0 
Ves = —30V, Vos = 9, 
Ta = 150°C 
V6s = 30V, Vos =o 
Vps = —30V, Ves =0 
Vps = —30V, Ves =9, 
Ta = 150°C 


Vsp = —30V, VG6p = 0, 
Vol 
Zero-Gate-Voltage Source Current See Note 3 


Gate Source Threshold Voitage Vos =-15V Ip =-10 pA 


Vos =-15V, Ves =~15V, 
On-State Drain Current DS GS 
See Note 4 


Vpston) Drain-Source On-State Voltage Ves =-15V, Ip =—1mA 
Small-Signal Drain-Source Vos =-15V, Ip = 0, 


‘dston) On-State Resistance f= 1kHz 


Small-Signal Common-Source 


Ives Forward Transfer Admittance Vps = 18 V, Ves =~15V, 


Smail-Signal Common-Source f=1kHz, See Note 5 
Output Admittance 

Common-Source Short-Circuit Vos =—-15V, Ves =~15 V, 
Input Capacitance f=1MHz, See Note 5 
Common-Source Short-Circuit Vps = 9, Ves = 9, 
Reverse Transfer Capacitance f= 1MHz 

Vos =—-15V, Ves = 9, 


in- i 
Drain-Source Capacitance f=1MHz, See Note 6 


Vop = -10V, 'Dion) = —1 mA, 


VGsion) ~—15V, Vestotf) = 0, 
Rg = 502, See Figure 1 


NOTES: 3. For the measurement of Isps, the substrate must be connected to the drain. 
4. This parameter must be measured using pulse techniques. tp © 100 ms, duty cycle < 10%. 
5. These parameters must be measured with bias conditions applied for fess than 5 seconds to avoid overheating. 
6. Cy, measurement employs a three-terminal capacitance bridge incosporating a guard circuit. The gate end case are connected to the 
guard terminal of the bridge. 
TAIL measurements excapt Igng are made with the case and substrate connected to the source. 


PARAMETER MEASUREMENT INFORMATION 


wv ° ! p 
| | INPUT 
-168V—~. 


1 
—+ — —e e— 
' 
} pce ' outeur 
10% 10% 
TEST cl RCUIT VOLTAGE WAVEFORMS 


FIGURE 1 
NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zout = 50 Q, duty cycle = 2%, ty <1ns, 
ty < 1 ns, tp = 200 ns. 
b, Waveforms are monitored on an oscilloscope with the following characteristics: t, < 0.75 ns, Rin = 1MQ, Cin < 2 pF. 
*JEDEC registered data 


PRINTED IN U.S.A. 373 
Ti cennet assume ony responsibility for ony circuits shown 
4-470 TEXAS INST RUM ENTS Or represent that they ore free from potent infringement. 
INCORPORATED 
POST GEFICH AOK. S012 < DALTAS. SEAS Faass TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE REST“PRODUCT POSSIBLE. 


TYPES 3N201, 3N202, 3N203 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


BULLETIN NO. DL-S 7111487, APRIL 1971 


DEPLETION-TYPE MOS SILICON TRANSISTORS 


e Monolithic Gate-Protection Diodes 
e LowCrss. . . 0.03 pF Max 
e High lyfs!. . . 12,000 nmhos Typ 


description 


The 3N201, 3N202, and 3N203 are N-channel, depletion-type, dual-gate, metal-oxide-semiconductor transistors. They 
are protected from excessive input voltages by integrated back-to-back diodes between gates and source, thus 
eliminating precautionary handling procedures required by unprotected MOS transistors. These transistors are ideally 
suited for many applications which previously only vacuum tubes could fulfill. 


The 3N201 is intended for use in VHF pre-amplifiers where linear, low-noise amplification is required. Its extremely 
low feedback capacitance permits high stable gain without the use of neutralization. 


The 3N202 is intended for use as a VHF mixer and is well suited for FV tuners. Its use as a mixer minimizes 
cross-modulation distortion and provides low-noise operation. 


The 3N203 is designed for application in tuned high-frequency amplifiers such as TV IF strips. Its extremely low 
feedback. capacitance permits high stage gain and stability without the necessity for neutralization. 


*mechanical data 


THE SUBSTRATE AND SOURCE ARE IN ELECTRICAL CONTACT WITH THE CASE 


4 was 2219 pa e100 


3-GATE! 
— SOURCE, CASE, 


AND SUBSTRATE ALL DIMENSIONS ARE 
IN INCHES UNLESS 
OTHERWISE SPECIFIED 


1-ORAIN 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain—Gate-One Voltage . . 6 6 6 ee ee te ts wb ROME we el ae A ae te ny a Gate Se OV 
Drain—Gate-Two Voltage. 2 6 6 6 - se ee es Se Ma eR ele, a ie Ea is ca baiehy apace satan: A SOV, 
Drain-Source Voltage . 2... 2 2 ee ee eee Nay Mow eAis ees tect Gay Gg" ree ah Me Mer canes oy et DOM 
Forward Gate-One-Terminal Current (See Note 1) Dratinie, Wen ied es earns Coe ee ee we ee) 610A 
Forward Gate-Two-Terminal Current (See Note 1)... . . ssi wthe. weed aha tee esa, LIGA 
Reverse Gate-One-Terminal Current 2. 2 6 6 6 0 ee et ee —10 mA 
Reverse Gate-Two-Terminal Current . . 6... es > ee ay OE Bide, ah eh Bie Quote sey cae es Sete -10 mA 
Continous Drei Currents 4s 6 ds res SG: eee alee a he ene ee ee gaa ean 8 oa BOA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (SeeNote2) . . ...-- + +> 360 mW 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note3) 2... 2... eee ee 1.2W 
Storage Temperature Range. 2. es ee ee eee ee ee 665°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10Seconds ©. 2. 6 ee es 300°C 


NOTES: 1, Forward gate-terminal current is the current into a gate terminal with a forward gate-source voltage applied. This voltage is of 
such polarity that an increase in its magnitude causes the channel resistance to decrease. 
2. Derate linearly to 1 75° C free-air temperature at the rate of 2.4 mw/c. 
3. Derate linearly to 1 75°C case temperature at the rate of 8 mwec, 


* JEDEC registered data. This data sheet contains all applicable registered date in effect at the time of publication. USES CHIP MN81 
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TEXAS INSTRUMENTS 447i 


NCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


TYPES 3N201, 3N202, 3N203 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


“electrical characteristics at 26°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS | MIN MAX | UNIT | 
ViBR)DS Drain-Source Breakdown Voltage | Ip = 10 uA, Vo18 = Vg2g = —-5 V | 2 |v i 


Gate-One—Source Forward 
V(BR)G18SF Bisskdown Veleaoe Ig1 = 10 mA, Ve2s=Vpg=0, See Note 4 


VieRIG1SsR Ria ae Igi"-10mA, —- Vqag=Vpg=0, ‘See Note 4 | -s -0] v | 
V(BRIG2SSF i ese Nees Iga* 10mA, Veis"Vps=0, See Note 4 |e m0} v | 
V(BR)G2SSR paatinereyilly igg=-10mA,  Vgig*Vps=0, See Note 4 | -3 -0| v | 
rer ercnetei 


I Gate-One-Terminal Veis = SV, Ve2s = Vos = 0 
G18ssA Reverse Current Veisg* -5V, Ve28 " Vps = 0, Ta= 160°C 


Gate-Two- Terminal 
! .- . " 
G2ssF Forward Current Vaas = 6V, Vais" Vos = 0 
\ Gate-Two-Terminal Ve2s=-5V, Vais™ Vpg =0 
G2s6R Reverse Current Vgo2s = -5V, Vg1s" Vps = 0, Ta = 160°C 
N50 


Zero-Gate-One-Voltage Vps = 16 V, Vais = 9, 
Drain Current Vo2s "4V, See Note 5 


'ps 


eis] * Bl + be | 


Gate-One—Source 
VG1Sloff) Cutoff Voltage Vos = 18 V, Veas=4V, Ip = 20 uA 
Gate-Two—Source 
Vv a = " , = 
G2sloff) Cutoff Voltage Vos = 15V, Veis 79, Ip = 20 vA 0.2 6 
Vos = 18 V, 
Ht Ic 
al Rervard Taner adimicance | Yo2e4¥ ft Nis 
See Note 6 
-Circui Vps = 15 V, Vv =4V, be " 
Common-Source Short Cireult ps G2s Vv Ip = 10mA 0.005 0.03 
Reverse Transfer Capacitance f=1MHz 


NOTES: 4, All gate breakdown voltages are measured while the device is conducting rated gate current. This ensures that the 
gate-voltage-limiting network is functioning properly. 
5. This parameter must be measured using pulse techniques. tw = 300 us, duty cycle < 2%, 
6. This parameter must be measured with bias voltages applied for less than & seconds to avoid overheating. 


*3N201 operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 
al Spot Hoe Figur | as | ow | 
Spot Noise Figure 
"i Vpo = 18V, V6G"27V, 
H- | Co; 
Gers Smal ogra inmorsouics § = 200 MHz, See Figure 1 
Insertion Power Gain 


BW Bandwidth | MHz | 
Gain-Controt Vpp = 18V, AGps = -30 dBt 
v ps : 
GGIGC) ——_Gate-Supply Voltage f= 200 MHz, See Figure 1 ¥ 


TAGos is defined as the change in Gps from the value at Vag * 7 volts. 
*JEDEC registered data 


4-472 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX $012 ¢ DALLAS, TEXAS 75222 


TYPES 3 201 eqnzoe 3nzo3 
N-CHANNEL TUR GA GN-TY 
INSULATED-GATE FIELD-EFFECT THANSISTORS 


*3N202 operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS races 
Hi 


Power Gain 
Bandwidth frag = 200 MHz, See Figure 2 


Gpa(conv) 
Bw 


tAmplitude at Input from socal oselilator ls 3 volte rms. 


*3N203 operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS Sa a UNIT 
ar ate 
Spot Noise Figure Vpp = 18, Veo "8V, 
G Small-Bignal Co: eciae f= 45 MHz See Figure 3 
ps Insertion Power Gain ‘ 
BW Bana Rael 
Gain-Control Vop" 18V, Gps = -30 dB 8, 
Vv 
VeciGc) Gete-Supply Voitege t= 45 MHz, See Figure 3 


$AGp, Is defined as the change In Gps from the value at Vgg ™ 6 volts. 


*PARAMETER MEASUREMENT INFORMATION 


0 +18V 


FROM 76-2 
SOURCE 


CIRCUIT COMPONENT INFORMATION 


ci: Erie variable ceramic, 4—30 pF, set for © 22 pF 
C2: Erie variable ceramic, 4—30 pF, set for © 10 pF 
Li: 4T, #14 copper, 1/4” ID, 1/6" pitch 

L2: 3T, #14 copper, 1/4” tD, 1/8” pitch 

RFC: Delevan No. 153772, 1 wH 


FIGURE 1—200-MHz POWER GAIN, GAIN-CONTROL VOLTAGE, AND NOISE FIGURE TEST CIRCUIT FOR 3N201 


*JEDEC registered data 
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TEXAS INSTRUMENTS 4.473 


| INCORPORATED 
POST OFFICE BOX S012 2 DALLAS, TEXAS 76222 


TYPES 3N201, 3N202, 3N203 
N-CHANNEL DUAL INSULATED-GATE 
PLANAR SILICON FIELD-EFFECT TRANSISTORS 


“PARAMETER MEASUREMENT INFORMATION 


248-Miiz 
LOCAL OSCILLATOR 
tNPUT 
FROM 22pF 
60-2 SOURCE 
45-MH2 
(Ff OUTPUT 
200-MHz 
RF INPUT 
ST 
FROM 76-2 TO 76-2 
SOURCE LOAD 
110k 
O+18V 
CIRCUIT COMPONENT INFORMATION 
Ct: Erie variable ceramic, 1.5—7 pF, set for © 4.7 pF 
Li: 4T, #14 copper, 1/4” 1D, 1/6" pitch 
FIGURE 2—200-MHz-to-45-MHz CIRCUIT FOR CONVERSION POWER GAIN FOR 3N202 
Irur 12 pF 
TO 50-2 
Vac LOAD 
FROM 50-2 
SOURCE 
CIRCUIT COMPONENT INFORMATION 
1: 14T, #30 copper, close-wound on 7/32” OD form with Arnold Engineering type ‘J tuning core 
L2: 10T, #30 copper, close-wound on 7/32" GD form with Arnold Engineering type ‘J’ tuning core 


FIGURE 3—45-MHz POWER GAIN, GAIN-CONTROL VOLTAGE, AND NOISE FIGURE TEST CIRCUIT FOR 3N203 


*JEDEC registered data 
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TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX S012 ¢ DALLAS, TEXAS 75222 


4-474 


TYPES 3N201, 3N202, 3N203 
N-CHANNEL DUAL INSULATED-GATE 
PLANAR SILICON FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS AT TA = 25°C 


3N201 3N201 
RELATIVE SMALL-SIGNAL 3N201 COMMON-SOURCE 
POWER-GAIN SMALLSIGNAL COMMON-SOURCE SPOT NOISE FIGURE 
vs INSERTION POWER GAIN vs 
GAIN-CONTROL vs GAIN-CONTROL 
GATE-SUPPLY VOLTAGE DRAIN CURRENT GATE-SUPPLY VOLTAGE 


| 
o : ' 
} 3 A 
£ : : 
=18V 
i % bes MHz 2 
A i eae é Circuit in Figure 1 fi 
=, lz 
g Circuit in Figure 1 Adjust VgG for Ip 
=4 -2 9 2 4 6 8 
Yaa ac}-Gele-Contral Gass Supply Vorege-¥. 'p—Orain Current—mA Veacisc) —Gein-Control Gete-Suppty Vottage-V 
FIGURE 4 FIGURE 5 aun 
3N202 3N203 
SMALL.SIGNAL CONVERSION POWER GAIN SMALL-SIGNAL COMMON-SOURCE 


INSERTION POWER GAIN 
vs GAIN-CONTROL SUPPLY VOLTAGE 


a Fava Sen 
tA 


g 

j es i a a 
i 4 s Tim ros eV 

pe 

; ye 
é 


fatness 
a= se Rees 


“6-4 2 0 2 4 6 8 10 
VGG(Gc)—Gein-Controt Supply Voltage-V 


o 06 1 1.6 2 28 3 36 64 
Input from Local Oscillator — V ome 


FIGURE 7 FIGURE 8 


a 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


4-476 


TYPES 3N204, 3N205, 3N206 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


BULLETIN NO. OL-S 7211717, MAY 1972 


DEPLETION-TYPE MOS SILICON TRANSISTORS 


@ Monolithic Gate-Protection Diodes 
@ LowCrss. . . 0.03 pF Max 
@ High lyfs!. . . 14,000 umhos Typ 


description 


The 3N204, 3N205, and 3N206 are N-channel, depletion-type, dual-gate, metal-oxide-semiconductor transistors. They 
are protected from excessive input voltages by integrated back-to-back diodes between gates and source, thus 
eliminating precautionary handling procedures required by unprotected MOS transistors. These transistors are ideally 
suited for many applications which previously only vacuum tubes could fulfill. 


The 3N204 is intended for use in VHF pre-amplifiers where linear, low-noise amplification is required. Its extremely 
low feedback capacitance permits high stable gain without the use of neutralization. 


The 3N205 is intended for use as a VHF mixer and is well suited for TV tuners. Its use as a mixer minimizes 
cross-modulation distortion and provides low-noise operation. 


The 3N206 is designed for application in tuned high-frequency amplifiers such as TV IF strips. Its extremely low 
feedback capacitance permits high stage gain and stability without the necessity for neutralization. 


*mechanical data 


THE SUBSTRATE AND SOURCE ARE IN ELECTRICAL CONTACT WITH THE CASE 


ALL DIMENSIONS ARE 
IN INCHES UNLESS 
OTHERWISE SPECIFIED 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain—Gate-One Voltage. . 6... ee ot Weds fey 38OV 
Drain—Gate-Two Voltage... 6 1. ee aay ee, ae aoe a Se (OV. 
Drain-Source Voltage 2... 2... te ee ali as” lov dba by UO" Je MEAS. etn nal de oe i, UZ 
Forward Gate-One-Terminal Current (SeeNote1) ....... ROR ES ak G wa ee TOA 
Forward Gate-Two-Terminal Current (SeeNote1) ....... on A a ee we we Boa ce TOMA 
Reverse Gate-One-Terminal Current ........2.2.2... soiGin BRS as Teed gee PR Skat asa de -—10 mA 
Reverse Gate-Two-Terminal Current... ....2.2.202.., Vee i MeO an, Bas Sth ah tin Sas oe —10 mA 
Continuous DrainCurrentt 2 2... soe ee ee ee) 6 5OMA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) . . . .... . . 360mW 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) ik eee a W2W 
Storage Temperature Range 2 1. ee BEPC to 200°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds ..... . fo Tee RS Oe a ee YG See 800°C 


NOTES: 1. Forward gate-terminal current is the current into a gate terminal with a forward gate-source voltage applied. This voltage is of 
such polarity that an increase in its magnitude causes the channel resistance to decrease. 

2. Derate linearly to 175°C free-air temperature at the rate of 2.4 mw/C., 

3. Derate linearly to 175°C case temperature at the rate of 8 mMW/°C. 


“JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication, USES CHIP MN81 
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TYPES 3N204, 3N205, 3N206 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


* electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


TEST CONDITIONS 


ViBRIDS Drain-Source Breakdown Voltage | Ip = 10 uA, Vo1s = Ve2s = -5V 


CMin_ MAX | UNIT ] 


Vieaaiese Gate-One—Source Forward 
Breakdown Voltage 

Winaitiesn Gate-One—Source Reverse 
Breakdown Voltage 

V(eR)G238F Gate-Two—Source Forward 
Breakdown Voltage 


Gate-Two—Source Reverse 
Ig2=-1 Va1s = Vos = 0 
VIBRIG2SSR Breakdown Voltage G2=-10mA, Gis=Vps=9 See Note 4 


Ig1 =10 mA, VG62s = Vos = 9. See Note 4 


Ig1 =—-10 mA, VGg2s = Vos = 9, See Note 4 


Ig2=10mA, Vois = Vos = 9 See Note 4 


ce comme vewre  vemevon-o || 

— Gate re Termin aaeeny Nemiveere sea 
Reverse Current Vois=—58V, VG2s = Vos = 9, Tp = 150°C ; 10 | HA | 

1255 Fema Curent [veas-sv.vow=voso || 
Forward Current 

te Two Teri agin = None dn 
Reverse Current Ve2s = -5V, Vois = Yos =9, Ta = 150°C fe 2 10. | 


Zero-Gate-One-Voltage 
Drain Current 


'ps 


Vo62s=4V. See Note 5 


wo 
= 
a 


Gate-One—Source 


Vv Vps= 15V. Vv =4V, Ip = A 
GAS(ff) Cutoff Voltage ps= 15V, G2s p= 20p 
Gate-T wo—Source 
v Vos = 15V, =0, = 
G2Sloff) Cutoff Voltage ps= 16 VG1s ibigiat 
Vos = 15V, Vv. =0, 
Smail-Signa! Common-Source aes GIS 
tsi Vers = 4V, f= 1 kHz, 


Forward Transfer Admitt 
ir nsfer Admittance See Note 6 


Common-Source Short-Circuit Vos = 15V, Vegas =4V, Ip = 10 mA, 

Reverse Transfer Capacitance f=1MHz 

NOTES: 4, Aj! gate breskdown voltages are measured while the device is conducting rated gate current. This ensures that the 
gate-voltage-limiting network is functioning properly. 

5, This parameter must be measured using pulse techniques. ty, = 300 us, duty cycle & 2%, 

6. This parameter must be measured with bias voltages applied for less than 5 seconds to avoid overheating. 


0.005 0.03 


~~ 

= 

~ 
RELeE 


*3N204 operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


F Co Sor Spot Noise Fi 
mmon-Source Spot Noise Figure Vpp « 18V, VoG=7V, 


; ion Pi ; 
Gps Sonalleignn! Common-Source Insertion Power Gain ¢= 200 MHz, See Figure 1 
B Bandwidth 
F 


J Vpp=18V,  4Gps= —30dBT, 
Vv Gain-Control ‘ol Vv 
'GG(GC) Gain-Control Gate-Supply Voltege #=200MHz, _ See Figure 1 
Common-Source Spot Noise Figure Vos = 18V, Vo2s = 4V, 
Ip=10mA, f= 450 MHz, 
Gps Small-Signal Common-Source Insertion Power Gain See Figures 2 and 4 
F Common-Source Spot Noise Figure Vos ~ 15V, Vers ~ 4V, 
Gps Small-Signal Common-Source Insertion Power Gain 


Ip = 10 mA, f = 900 MHz, 
T AGpg is defined as the change in Gpg from the value at Vg = 7 volts. 


See Figures 3 and 5 


*JEDEC registered data 
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T EXAS, INSTRUMENTS 4477 


NCORPORATED 
POST OFFICE BOX 5012 » DALLAS. TEXAS 75242 


TYPES 3N204, 3N205, 3N 


N-CHANNEL DUAL-GATE DEPLETION-TYPE 


INSULATED-GATE FIELD-E 


FFECT TRANSISTORS 


*3N205 operating characteristics at 25°C free-air temperature 


PARAME 


TER TEST CONDITIONS a UNIT 


Gps(conv) Smatl-Signal Conversion Power Gain Vop = 18 V, fio = 245 MHz#, 172 | ap | 
B Bandwidth fRr = 200 MHz, See Figure 6 | 4 __—~7~*‘[ Miz | 


amplitude at input from local oscitlator is 3 volts rms. 


*3N206 operating characteristics at 25°C free-air temperature 


PARAMETER 


8a,, is defined as the change in Gps from the value at Vag = 6 volts. 


Vop = 24V, VGG=6V, 
f= 45 MHz, See Figure 7 


Vpp = 24V, AGpgs = —30 dB8, 
f= 45 MHz, See Figure 7 


PARAMETER MEASUREMENT INFORMATION 


0. 
FROM 50-2 
SOURCE 


FIGURE 1-—200-MHz POWER GAIN, 


*JEDEC registered data 


VGG Vpp 


CIRCUIT COMPONENT INFORMATION 


C1, C2, & C3: Leadiess disc ceramic, 0.001 uF 
C4: ARCO 462, 5-80 pF, or equivaient 

1: 3T #18, 3/16-inch-dia aluminum slug 

L2: 9T #20, 3/16-inch-dia aluminum slug 


GAIN CONTROL VOLTAGE, AND NOISE FIGURE TEST CIRCUIT FOR 3N204* 


4-478 
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TYPES 3N204, 3N205, 3N206 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 
VG@2s 


FROM 50-2 SOURCE 


SEE PICTORAL 
DRAWING IN 
FIGURE 4 


VG1S Vps 
{ADJUST FOR Ip = 10 mA) 
CIRCUIT COMPONENT INFORMATION 
C1 thru CA: See Figure 30, Note D 
C5: 0.001 uF leadiess disc capacitor 
C6 thru C10: Allen-Bradiey FGAU 0.001 wF feed-through capacitors 
Li & 12: See Figure 30 


FIGURE 2—450-MHz POWER GAIN AND NOISE TEST CIRCUIT FOR 3N204° 


VG1S VG2s 
{ADJUST FOR Ip = 10 mA) (SEE NOTE A) Vp 


SEE PICTORAL 
DRAWING IN 
FIGURE & 


C1 & CS: 0.001 uF ceramic disc capacitor 
C2, C4, & C6: 0.001 UF leadiess disc capacitor 
C3 & C7: Johenson 3901, 1-15 pF, or equivalent 
L1 & L2 are 1/4 inch slotted cyclinders, 3/16 inch inside diameter, with a shorting ring adjusted by a 
nylon screw. Minimum slot lengths ere 3/4 Inch for L1 and 1 Inch for L2. 
REC: 10T #30, 3/16 inch dia, 5/16 inch in jength 
NOTE A: This terminal is provided for gain control, if desired. If not used for this purpose, it should be left open. 


*JEDEC registered date FIGURE 3-900-MHz POWER GAIN AND NOISE TEST CIRCUIT FOR 3N204 
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TYPES 3N204, 3N205, 3N206 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


ne AN abvonsiois are in inches. f Ba + i ue % —| 


8. The removable top of test fixture is 
not shown. 

C. For clarity, the 62 kf resistor, the 
source and gate-2 socket pins, and 
insulating stand-off terminals (ISOT) 
soldered Into the fold of L1 and L2 
respectively for mechanical support, 
are not shown In view A. 

D. C1 and C2 (C3 and C4) consist of 
shim brass and the “C” portion of L1 
(L2) separated by sir and the mylar 
hey covering the “C" portion of L1 

L2). 


RF CONNECTOR UG-290/U 


b+ 


NOTE: 

E. The four views surrounding the 
center view are as they would appear 
before the metal is bent up to form eo 
the sides, 


#10 DRILL 
4ea, 


(BEFORE BENDING) 


RF CONNECTOR UG-290/U 


*JEDEC registered date FIGURE 4—450-MHz POWER GAIN AND NOISE TEST FIXTURE* 
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TYPES 3N204, 3N205, 3N206 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


NOTES: 
A, All dimensions are 
B. The temoml Sp of et te 


Cc. Tt end L add ae tached the back 
of the test fixture by insu 
pap etl terminals (SOT) Toonnel 


D. The a views surrounding the 
center view are es they would appeer 
before the metal Is bent up to form 
the sides. 


RF CONNECTOR UG-657/U 


RF CONNECTOR UG-657/U 


FIGURE 5—900-MHz POWER GAIN AND NOISE TEST FIXTURE 


TEXAS INSTRUM ENTS 4-481 
CORPORA 
POST OFFICE eee BOl2Z2 » reer TEXAS 75222 


TYPES 3N204, 3N205, 3N206 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


3V rms, 245-MHz 
LOCAL OSCILLATOR 
INPUT FROM 50-2 
SOURCE 


CIRCUIT COMPONENT INFORMATION 


C1: Arco 404 {or equivatent), 8 to 60 pF 


C2: Arco 400 (or equivatent), 0.9 to 7 pF 
FIGURE 6—200-MHz-to-45-MHz CIRCUIT FOR CONVERSION POWER GAIN FOR 3N205* 


FROM 50-2 
SOURCE 


CIRCUIT COMPONENT INFORMATION 


C7: Leadiess disc ceramic, 0.001 uF 

C2: Leadiess disc ceramic, 0.01 BE 

L4: 8T #28, 6/32-inch-dia form, type "J" slug 
L2: 9T # 28, 5/32-inch-dia form, type “J” slug 


FIGURE 7--45-MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT FOR 3N206* 


*JEDEC registered data 
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TYPES 3N204, 3N205, 3N206 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS AT Ta = 25°C 


3N204 
RELATIVE SMALL-SIGNAL 3N204 
POWER GAIN SMALL-SIGNAL COMMON-SOURCE 
“ INSERTION POWER GAIN 
GAIN-CONTROL “s 
GATE-SUPPLY VOLTAGE DRAIN CURRENT 


2 
z 
8 3 
7 é€ 

‘s 
: : 
z 
= 
& i 
é i] 
4a 

Circuit in Figure 1 
Adjust VGG for Ip 
64 20 24 6 8 WW o 1 2 3 4 6 6 7 8 
VGG(GC}—Gain-Comsot GateSupply Voltage—V Ip--Drain Current—mA 
FIGURE 8 FIGURE 9 
3n204 3N204 
COMMON-SOURCE SPOT NOISE FIGURE OPTIMUM SPOT NOISE FIGURE 
“ “ 
GAIN-CONTROL GATE-SUPPLY VOLTAGE FREQUENCY 


|_| voo- tev 


|_| 
Y | {| paleo nase 1 


F—Noise Figure—dB 
yn wow a Fen 8 @ 


2-161 23 4667 6 
VGGIGC)—Gein-Control Gave-Supply Voltage—V 


f—Frequency—MHz 


FIGURE 10 FIGURE 11 
3N206 
3N208 SMALL-SIGNAL COMMON-SOURCE 
SMALL-SIGNAL CONVERSION POWER GAIN INSERTION POWER GAIN 
“ vs 
INPUT FROM LOCAL OSCILLATOR GAIN-CONTROL GATE-SUPPLY VOLTAGE 


Gps—Power Gain-d8 


Gpeicony)—Conversion Power Gain—dB 


0 06 + 16 2 25 3 35 4 6 4 2 0 2 4 6 8 69 
Input from Locat Oscillator—Vrme VGG(GC}—Gain-Control Gate-Supply Voltage—V 
FIGURE 12 c FIGURE 13 


NOTE 7: Test conditions at 45 MHz, 200 MHz, 450 MHz, and 900 MHz are the conditions given in the tables of operating characteristics for 
3N204 and 3N206. 


373 PRINTED IN U.S.A. 
TI cannot assume any responsibility for any circuits shown 
of represent thot they are free from potent infringement. TEXAS IN STRUM EN TS 4-483 
INCORPORATED 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


POST OFFICE BOX 5012 «DALLAS, TEXAS 75222 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE SEST PRODUCT POSSIBLE. 


TWO ENHANCEMENT-TYPET MOS SILICON TRANSISTORS 
WITHIN A SINGLE MONOLITHIC CHIP 
For Applications Requiring Very High Input Impedance, Such as 
Series and Shunt Choppers, Multiplexers, and Commutators 


© Designed to be Interchangeable with General Instrument Type MEM551 
e Channel Cut Off with Zero Gate Voltage 
¢ Substrate Connection Provides Flexibility in Biasing 
¢ Similar Diode-Protected Version Available . . . 3N208 
@ Matched on VGs 
*mechanical data 


ALL LEADS INSULATED FROM CASE 


1 ORAIN 1 

2 SOURCE 1 

3 GATE1 . 

4 SUBSTRATE 

5 GATE 2 

6 SOURCE 2 

7 DRAIN2 

8 NO INTERNAL 
CONNECTION 


+ 0.002 


0.017 -0.001 DIA 
MAX. 
=— = 


ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE NOTED 
ALL JEDEC TO-76 DIMENSIONS AND NOTES ARE APPLICABLE 


handling precautions 


TYPE 3N207 
DUAL P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTOR 


BULLETIN NO, DL-S 7311708, APRIL 1972—REVISED MARCH 1973 


Curve-tracer testing and static-charge buildup are common causes of damage to insulated-gate devices. Permanent 
damage may result if either gate-voitage rating is exceeded even for extremely short time periods. Each transistor is 
protected during shipment by a gate-shorting device, which should be removed only during testing and after permanent 


mounting of the transistor. Personnel and equipment, including soldering irons, should be grounded. 


“absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


EACH TOTAL 
TRANSISTOR DEVICE 


Drain-Gate Voltage. 2... 2... 1, tap aipha gh Raa ae A Mee al at —25 V 
Drain-Source Voltage 2. 6... ee ee MOR ee Phaaets —-25V 
Forward Gate-Source Voltage ........2.2.,2..., Sth ssateae ld AP bee -25V 
Reverse Gate-Source Voltage 25V 
Continuous Drain Current . . —100 mA 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) . . 300mW 600 mw 


Storage Temperature Range . . . 


—65°C to 200°C 


Lead Temperature 1/16 inch from Case for 10 Seconds . . . . Bi ke wid saves ey chee HON +—- 300°C ——+ 
NOTE 1: Derate tinearty to 176°C free-air temperature at the rates of 2 mW/°C for aach transistor and 4 mW/°C for the total devices. 


*JEOEC registered data. This deta sheet contains all applicable registered data in effect at the time of publication. 


TEnhancement-mode Operation entalis the use of a forward gate-source voitage to increase drain current from loss. the drain current at 
Vos" 0, a8 opposed to depletion-mode Operation wherein o reverse gate-source voltage is used to decrease drain current. An 


enhencement-type transistor is in the “off” state at Vas = QO and hence wil! not operate normatly in the depletion mode. 


USES CHIP MP84 


a Rta SSeS 
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TYPE 3N207 
DUAL P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTOR 


ee 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
individual transistor characteristics (see note 2) 


PARAMETER TEST CONDITIONS [MIN MAX|UNIT 

4 

Leese Forward Gate-Terminal Current [Vas==25V, Vos-0 |= 
Ves =—-25V, Vps = 9, Tap = 150°C | nA | 


[Ves=25V, Vps-0 a 
Vos =-20V, Vgs=0 [= 10) na 
Dss Zero-Gate-Voltage Drain Current ; 
Vps==20V, Vgg=0,ta= 1606 | —10| uA | 
Igpg __Zero-Gate-Voltage Source Current [Vsp==20V, Vgp-0 |= 10 


% 


Vasith) Gate-Source Threshold Voltage Vps=—15V, Ip =—10 HA 
Ip{on) _On-State Drain Current Vps=—15V, Vgg=-15V, See Note 3 15 | 
Tds(on) _Small-Signal Drain-Source OrrState Resistance [Ves=-15V, Ip=0, fatkHz [400 


Ciss Common-Source Short-Circuit Input Capacitance Vps = —20V, VGs=0, f= 1MHz 
Criss Common-Source Short-Circuit Reverse Transfer Capacitance Vos = 0. Ves = 0, f= 1MHz 


Vps = -20 V, Ves=9 f= 1 MHz, 
Drain-Source Capacitance DS Gs | 


See Note 4 


transistor matching characteristics (see note 5) 


PARAMETER TEST CONDITIONS [MIN MAX|UNIT| 
Gsi—VGs2I Gate-Source Voltage Differential Vps=—15V, Ip = —250 nA | 200] mv | 


NOTES: 2. For all individual-transistor measurements except Cag, the drain, source, and gate leads of the transistor not under test and the 
common substrate are grounded, For testing Iggs, ground is the drain of the transistor under test but for all other measurements, 
it is the source. 

3. This parameter must be measured using pulse techniques. tw = 300 ps, duty cycle & 2%. 
4. Cys measurement employs a three-terminal capacitance bridge incorporating 8 guard circuit. The case and all terminals of both 
transistors except the drain and source of the transistor under test are connected to the guard terminal of the bridge. 
5. Transistor matching characteristics are measured with both sources connected to the substrate. 
*JEDEC registered data 
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572 PRINTEO IN U.S.A. 
TEXAS INSTRUMENTS A-AB5 
INCORPORATED 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 3N208 
DUAL P-CHANNEL ENHANCEMENT-TYPE 


INSULATED-GATE FIELD-EFFECT TRANSISTOR 


BULLETIN NO. DOL-S 7311709, APRIL 1972—REVISED MARCH 1973 


TWO DIODE-PROTECTED ENHANCEMENT-TYPEt MOS SILICON TRANSISTORS 
WITHIN A SINGLE MONOLITHIC CHIP 


For Applications Requiring Very High Input Impedance, Such as 
Series and Shunt Choppers, Multiplexers, and Commutators 


Designed to be Interchangeable with General Instrument Type MEM550 
Channel Cut Off with Zero Gate Voltage 

Substrate Connection Provides Flexibility in Biasing 

Internally Connected Diode Protects Gate from Damage due to Overvoltage 
Version Available without Diode Protection .. . 3N207 


description 


This device is designed for applications requiring very high input impedance, such as choppers, commutators, and logic 
switches. Each transistor is protected from excessive input voitage by a shunting diode connected from its gate to the 


substrate. This eliminates the need for most precautionary handling procedures associated with unprotected MOS 
devices, 


a data 


ALL LEADS INSULATED FROM CASE 


2 SOURCE 1 

3 GATE1 

4 SUBSTRATE 

5 GATE 2 

6 SOURCE 2 

7 DRAIN 2 

8 NO INTERNAL 
CONNECTION 


ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE NOTED 


aes fierce 1 DRAIN 1 
MAX. 


ALL JEDEC T0-76 DIMENSIONS AND NOTES ARE APPLICABLE 


“absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


EACH TOTAL 


TRANSISTOR DEVICE 
Drain-Gate Voltage 


-25V 
Drain-Source Voltage ttle yh Sek ~25 V 
Continuous Forward Gate-Terminal Current Ne Se oi ORE oe hE Lhe Sh. woaeke —0.1 mA 
Continuous Reverse Gate-Terminal Current 2 2... ee 10 mA 
Continuous Drain Current Bote far Bite ar Ga hee ee Ded ie eee 2h —100 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) . . 300mWw 600 mW 
Storage Temperature Range , SE ey Cone tS ee eee a —65°C to 200°C 


Lead Temperature 1/16 Inch from Case for 10 Seconds -— 300°C —-» 


NOTE 1: Derate linearly to 175°C free-air temperature at the rates of 2 mW/°C for each transistor and 4 mw/°C for the total device, 

“*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 

tT Emhancement-mode operation entails the use of a forward gate-source voltage to increase drain current from loss. the drain current at 
Ves =, as opposed to depletion-mode operation wherein a reverse gate-source voltage is used to decrease drain current. An 


enhancement-type transistor is in the ‘off’ state at Vag = 90 and hence will not operate normally in the depletion mode, The protective 
shunting diode is reverse-biased by the application of forward gate-source voltage. 


USES CHIP MP94 ry 
LLL ES SS Sar SP SS 
1078 
4-486 TEXAS INSTRUMENTS 
INCORPORATED 


POST OFFICE BOX 5012 « DALLAS, TEXAS 78222 


TYPE 3N208 
DUAL P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTOR 


*electrical characteristics at 25°C free-air temperature (uniess otherwise noted) 


TEST CONDITIONS 


ViBRiGssr Forward Gate-Source Breakdown Voltage Ig =-0.1mA, Vps = 90, See Note 2 


IGssF Forward Gate-Terminal Current 


on] 
PHA | 
=-20V, Veg70 
fea Pacclaite Veltins Drain Culvert A 
Es 
ne 


UNI 


[MIN MAX] 
aac] 
Ea 
reed 


pg==20V, Ves=0 Tas TOT | —=10] 
Nigag Zara ve Vora Sousa Curent [Vg =20Vven=8 
Pigstn Gate Source Threshold Voltage [Vos =16V. p= tak = LV 
Fest —GrSiem Drain Curent Voge VVgg=— 15, Seno FS | | 
Fresen) Sil Signa Brai-Souree Goatees | Vog==15V. t=O fatere | woo] | 
Cig Common-Source Short-Circuit Input Capacitance [Vps=-20V, Vag=0, f= iMHz [4] pF | 
Crss Common-Source Short-Circuit Reverse Transfer Capacitance gsca vege tera |e 


7 . Vps=—20V, Vgs279, f= 1 MHz, 
— 


NOTES: 2. To ensure that the gate-shunting diode is functioning properly, this voltage ls measured while the device is conducting rated 
forward gate-terminal current. 
3. This parameter must be measured using pulse techniques. ty, * 300 Hs, duty cycle © 2%, 
4. Cgs measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The case and all terminals of both 
transistors except the drain and source of the transistor under test are connected to the guard terminal of the bridge. 
*JEDEC registered data 
FFor all measurements except Cys, the drain, source, and gate leads of the transistor not under test and the common substrate are grounded. 
For testing isps. ground is the drain of the transistor under test but for all other measurements, it is the source. 
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TYPES 3N211, 3N212, 3N213 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


BULLETIN NO, OL-S 7312008, MARCH 1673 


DEPLETION-TYPE MOS SILICON TRANSISTORS 


@ Monolithic Gate-Protection Diodes 
© Low Crss . . . 0.06 pF Max 
@ High |yfs|. . . 30,000 umhos Typ for 3N211 and 3N212 


description . 
The 3N211, 3N212, and 3N213 are N-channel, depletion-type, dual-gate, metal-oxide-semiconductor transistors. They 
are protected from excessive input voltages by Integrated back-to-back diodes between gates and source, thus 
eliminating precautionary handling procedures required by unprotected MOS transistors. 


The 3N211 is intended for use in VHF pre-amplifiers where linear, low-noise amplification Is required. Its extremely 
low feedback capacitance permits high stable gain without the use of neutralization. 


The 3N212 is intended for use as a VHF mixer and’ is well suited for TV tuners. Its use as a mixer minimizes 
cross-modulation distortion and provides low-noise operation. 


The 3N213 is designed for application in tuned high-frequency amplifiers such as TV IF strips. Its extremely low 
feedback capacitance permits high stage gain and stability without the necessity for neutralization. 


Sa “mechanical data 


THE SUBSTRATE AND SOURCE ARE IN ELECTRICAL CONTACT WITH THE CASE 


= SOURCE, CASE, 
AND SUBSTRATE ALL DIMENSIONS ARE 


IN INCHES UNLESS 
OTHERWISE SPECIFIED 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


“absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


3N211 

3N212 3N213 
Drain—Gate-One Voitege ow ee 35 V 40V 
Drain—Gate-Two Voltage 6 6 ww kk ke kk 35 V 40V 
Drain-Source Voltage 2. 6 6 6 ww ek kk kk 27V 35V 
Forward Gate-One-Terminal Current (See Note?) . 2... 0... ke ee «—10 mA-—> 
Forward Gate-Two-Terminal Current (SeeNote1} ........0. 2.084 GS poe Wins de, c8 10 mA—e> 
Reverse Gate-One-Terminal Current 2 6 1 ww we --—10 mA» 
Reverse Gate-Two-Terminal Current... .. . Se Goda cers e UT AN ett cR eM eaters na Costa a—10 mA—» 
Continuous Drain Current 2. 1. 1 1k woe 50 mA 


Continuous Device Dissipation at (or below) 26°C Free-Air Temperature (See Note 2)... . . -360 mw— 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) F 

Storage Temperature Range ww ww —65°C to 200°C 

like cae REA DN AOR. aN Gee orieeS- (RCO UNS Gat “We — 300°C—> 

NOTES: 1. Forward gate-terminal current is the current into a gate terminal with a forward gate-source voltage applied. This voltage js of such 
Polarity that an increase in its magnitude causes the channel resistance to decrease. 


2. Oerate linearly to 178, C free-air temperature at the rete of 2.4 mw/c. 
3. Derate linearly to 175 C case temperature at the rate of 8 mMW/'C. 


"SEDEC registered data. This date sheet contains alt applicable registered data in effect at the time of publication. 
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TYPES 3N211, 3N212, 3N213 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


a 
anc i 
nee orem verve | = [= f= fe 
reser ee er ee fe fee fe 
venom eee [eee Ta fa pe 
ane Sere [eee Tepe | ed 
eno ee [Sere fa fs |e 

ceo Ca ee a ea pe 


Gate-One-Terminal 2 
Vv -=-5V, V = Vos = 0, 
As 
Gate-Two-Terminal 
Ig2ssi Vv =6V, Vv Vos = 0 
oa Forward Current Gas" 6 dis postv wearers [eel 


5 = —6V, aza=-6¥._Vare=¥pg— 9 _ 


Eel A 
Ta = 150° c. 

eer eee Bee pe ep ele ol 
eae eee eee ee 
oa Fc) SR 


= Vaie= 
Smalt-Signal Common-Source hie oF — 7 «40 
Forward Transfer Admittance| © S25 : . 
pon on [or ial aa a 


See Note 6 
NOTES: 4. All gate breakdown voltages are measured while the device is conducting rated gate current. This ensures that the 
gate-voltage-limiting network is functioning properly. 
5. This parameter must be measured using pulse techniques, ty * 300 ws, duty cycle 2%. 
6. This parameter must be measured with bies voltages applied for less than 5 seconds to avoid overheating. The signal is appiied to 
gate 1 with gate 2 at a-c ground. 


’ Gate-Two-Terminal 


'G2ssr Reverse Current 


Common-Source 
Coss Short-Circuit 
Reverse Transfer Capacitance 


Vpos=15V, Veas74V, 
Ip = 1mA, f= 1 MHz 


*JEOEC registered data 
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TYPES 3N211, 3N212, 3N213 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


*3N211 operating characteristics at 25°C free-air temperature 


r * = Ee 
ARAMETER EST CONDITIONS Sa ed 


F Common-Source Spot Noise Figure es 
G Small-Signel Common-Source Insertion Power Gain Yop" 24V, Vac = 6V, [2S | as 
e iT 

(oARWis - eakiguek 


D Bandwidth 135 | 
Vpp = 24V,  AGps = —30 ast 1 
VGGIGC) Gain-Control Gate-Supply voltage f an MHz Sea Figure 5 1 
Common-Source Spot Noise Figure 


F 

G Small-Signal C “Source Insertion Power Gain Yoo = 18. “Vaa™ 7, 
'* se 'O i jt 

tog ee Yeas? 

B Bandwidth 


Vop=18V,  AGp. = —30 083, 
in- t Vol v 
VGGIGC) Gain-Contro! Gate-Supply Voltage f= 200 Miz, See Figure 6 
F Common-Source Spot Noise Figure Vos = 15V, Va2s = 4V, 


Ip = 15 mA, f = 450 MHz, 
Gps Small-Signal Common-Source Insertion Power Gain See Figures 7 and 9 


TAG ps at 45 MHz is detined as the change in Gps from the value at Vggq = 6 volts. 
FAGps at 200 MHz is defined as the change in Gps from the value at Vgg = 7 volts. 


*3N212 operating characteristics at 25°C free-air temperature 


| 3Nziz 
TEST CONDTIONS CT a 77 bond 


Gps(conv) Small-Signal Conversion Power Gain Vpp=18V, fro=245MHz§, | 21 = 2a | ae | 
4? Mie | 


PARAMETER 


Bandwidth frr = 200 MHz, See Figure 8 4 7 


8 Amplitude at input from local oscillator is adjusted for maximum Goe(conv)- 


*3N213 operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS |__3n2i3__| 
F Common-Source Spot Noise Figure Vpp = 24V, Vac" 6V, 


Gog Small-Signal Common-Source Insertion Power Gain 


f = 45 MHz, See Figure & 
B Bandwidth 


; }35 6 MHz | 
; Vpp=24V,  AGp.=—30dBT, 1 
VGGIGC) Gain-Control Gate-Supply Voltage f 2 45 MHz Sea Figuie 5 


TAGps at 45 MHz is defined as the change in Gps from the vatue at VGq = 6 voits. 


*JEDEC registered data 
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TYPES 3N211, 3N212, 3N213 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS AT T, = 25°C 


3N211 
SMALL-SIGNAL COMMON-SOURCE 3N211 
INSERTION POWER GAIN RELATIVE SMALL-SIGNAL POWER GAIN 
vs vs 
GAIN-CONTROL GATE-SUPPLY VOLTAGE GAIN-CONTROL GATE-SUPPLY VOLTAGE 


Gps—Power Gain—dB 
AGps—Relative Power Gain-dB 


f = 45 MHz 
Circuit in Figure 5 


f = 200 MHz 
Circuit in Figure 6 


~6 -4 -2 0 2 4 6 8 10 6 42 0 2 4 6 8 10 
VGG(GC)—Gain-Control Gate-Supply Voltage—V VGG(GC)—Gain-Control Gate-Supply Voltage—V 
FIGURE 1 FIGURE 2 
3N211 3N211 
COMMON-SOURCE SPOT NOISE FIGURE OPTIMUM SPOT NOISE FIGURE 
vs vs 
GAIN-CONTROL GATE-SUPPLY VOLTAGE FREQUENCY 
10) 


See Note 7 


f = 200 MHz 
Circuit in Figure 6 


mz 
He ea 
eee OT 2 eRe Oe Fe 40 100 200 400 1000 
VGG(GC)—Gain-Contro! Gate-Supply Voltage—V 


F—Noise Figure—dB 


F—Noise Figure—-dB 
w 
a 


f—Frequency—MHz 
FIGURE 3 FIGURE 4 


NOTE 7: Test conditions at 45 MHz, 200 MHz, and 450 Mlz are the conditions given in the table of operating characteristics for 3N211. 
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TYPES 3N211, 3N212, 3N213 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


TO 50-22 
LOAD 


CIRCUIT COMPONENT INFORMATION 


C1: Leadiess disc ceramic, 0.001 uF 

C2: Leadiess disc ceramic, 0.01 uF 

Li: 8ST # 28, 5/32-inch-dia form, type ‘‘J"' slug 
L2: OT # 28, 5/32-inch-dia form, type ‘J slug 


FIGURE 5-46-MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT FOR 3N211 AND 3N213* 


VGG VpD 


FROM 50-2 
SOURCE 


CIRCUIT COMPONENT INFORMATION 


C1, C2, & C3: Leadiess disc ceramic, 0.001 WF 
C4: ARCO 462, 5-80 pF, or equivalent 

Li: 37 #18, 3/16-inch-dia aluminum slug 

L2: 8T #20, 3/16-inch-dia atuminum siug 


FIGURE 6—200-MHz POWER GAIN, GAIN-CONTROL VOLTAGE, AND NOISE FIGURE TEST CIRCUIT FOR 3N211* 


*“JEOEC registered data 
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TYPES 3N211, 3N212, 3N213 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


FROM 50-2 SOURCE 


SEE PICTORAL 
DRAWING IN 
FIGURE 9 


VG1s Vps 
(ADJUST FOR Ip = 10 mA) 
CIRCUIT COMPONENT INFORMATION 
Ci thru C4: See Figure 9, Note D 
C5: 0.001 uF leadiess disc capacitor 
C6 thru C10: Allen-Bradley F5AU 0.001 LF feed-through capacitors 
L1 & L2: See Figure 9 


FIGURE 7—450-MHz POWER GAIN AND NOISE TEST CIRCUIT FOR 3N211 


Vpp 


= 250-mV, 245-MHz ! 
LOCAL OSCILLATOR 


INPUT FROM 
50-9 SOURCE LOO) 
| LOAD 
20 pF 
200-MHz 
RF iNPUT | 
FROM 50-2 
SOURCE | 
| 
(teenie eae “sa tee _I 
L1: 77 #34, 1/4-inch dia,, aluminum slug C1: Arco type 462, 5-80 pF 
L2: 37 #20, 1/4-inch dia., aluminum slug C2: 0.001 pF leadiess disc 
L3: 77 #24, 1/4 inch dia., air core C3: 0.01 pF leadless disc 


T1: Pri: 25T #30, close wound on 1/4-inch-dia form, type “*)” slug 
Sec: AT #30, centered over primary 


FIGURE 8—200-MHz-to-45-MHz CIRCUIT FOR CONVERSION POWER GAIN FOR 3N212* 


*JEDEC registered data 
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NCORPORATE 
POST OFFICE BOX $012 +« DALLAS, TEXAS 75222 


TYPES 3N211, 3N212, 3N213 


N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


NOTES: 
A. All dimensions are in inches. 


B. 
c. 


NOTE: 
E. The four views surrounding the 


os 


The removable top of test fixture is 
not shown. 

For clarity, the 62 kQ resistor, the 
source and gate-2 socket pins, and 
insulating stand-off terminals (ISOT) 
soldered into the fold of L1 and L2 
respectively for mechanical support, 
are not shown in view A. 


. C1 and C2 (C3 and C4) consist of 


shim brass and the “C” portion of L1 
(L2) separated by air and the mylar 
tape covering the “C” portion of 11 
(L2), 


RF CONNECTOR UG-290/U 


center view are as they would appear 
before the metal is bent up to form 
the sides. 


{BEFORE BENDING) 


FIGURE 9—450-MHz POWER GAIN AND NOISE TEST FIXTURE 


i 
NONTETD 


if 


RF CONNECTOR UG-290/U 


a, 


al|= 


(BEFORE BENDING) 
loo 
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PRINTEG IN U.S.A. 


Td cannot assume any sesponsibility for any circuits shown 
or represent that they are free from patent infringement. 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE, 
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TYPES 3N214 THRU 3N21) 
N-CHANNEL DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


BULLETIN NO. DL-S 7311991, MARCH 1973 


DIODE-PROTECTED DEPLETION-TYPE MOS SILICON TRANSISTORS 


For Low-Power Chopper or Switching Applications 
© Low rds(on) . . . 20 2 Max (3N214) 
© Low Crss... 2 pF Max 
@ Low Cijss...6 pF Max 
e 


internally Connected Diode Protects Gate from 
Damage due to Overvoltage 


*mechanical data 
THE SUBSTRATE IS IN ELECTRICAL CONTACT WITH THE CASE 
0.100 


3-GATE___ 
4—SUBSTRATE AND CASE 


0.100 


300, 
bare -| 2~—SOURCE 


1—DRAIN 


ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 


ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage 2. 6 6. 6 6 ee es Be CAN ue See Rb ee A GE ee vs, 20V 
Drain-Source Voltage. 6 6 ee . 20V 
Drain-Substrate Voltage 2 6. 6 6 ee et ee ts ae, da ae, BE fal Bee age ed. a ON 
Source-Substrate Voltage. 6 5. ee ee 20V 
Forward Gate-Terminal Current (See Note 1) 2. 6 6 6 ee ee TMA 
Reverse Gate-Terminal Current 26 6 6 ee ee i ies -—1mA 
Continuous Drain Current 2. 6 ee ee . . SOMA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) ......-.- . . 360mW 
Storage Temperature Range 65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10Seconds . 2 - 1 ee ts . a. we 300°C 


NOTES: 1. Forward gate-terminal current is the current into a gate terminal with a forward gate-source voitage applied. This voltage is of 
such polarity that an increase in its magnitude causes the channel resistance to decrease, 
2. Derate linearly to 175°C free-air temperature at the rate of 2.4 mw/c. 


*JEDEC registered date. This data sheet contains all applicable registered data in effect at the time of publication. USES CHIP MN84 
RL 
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TEXAS INSTRUMENTS 4-495 
INCORPORATED 


POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


TYPES 3N2144 THRU 3N217 
N-CHANNEL DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


“electrical characteristics at 26°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS IMIN MAX | UNIT | 


Ig=1mA, Vpg™90, Vus = 0, 
VipR)GSsF Gate-Source Forward Breakdown Voltage See Note 3 Vv 


Ig=-1mA, Vog=0, Vus = 0, 
ViBRIGSSR Gate-Source Reverse Breakdown Voitage See Note 3 
'assF Gate-Terminal Forward Current Ves"7V, Vos *0, Vus"™0 | 10] nA | 
Vee a 


Ves"-7V, Vps*0, Vus = 0, 
Ta = 128°C 


Vsp=12V, Vap"-6V, Vyup=0 


Vgp"12V, Vap*-6V, Vuo=0, 
Ta = 126°C 
Vg Eas 


I@ssr Gate-Terminal Reverse Current 


IStoff) Source Cutoff Current 


V 


D p7-8V 6 
Vgp = 12V, o7-6V 


+ Vup*-6V, 


[og 12V__Vag=-6V, Vug=0 | 100 | 0A] 


Vps"12V, Vasg"-6V, Vug"0, 
° uA 
Ta = 126°C, 
| 100 | nA 


Vos" 12V, Vege-6V, Vug=—-6V 
Vos"12V, Veg=-6V, Vug=-6V, 
T= 128¢ mar 
Vus= 200, vpg=0, Vege aa fae 


"3V, V6s"6V, Vus"-6V, 
ID(on) On-State Drain Current hha ane 4 Gs —e jo 


Small-Signal Drain-Source 
On-State Resistance 


Ve 


\ID(ott) Drain Cutoff Current 


Ves ™6V, Ip = 0, 


"dsion) Vus = 0, f= 1 kHz 


G Common-Source Short-Circuit Vos=12V, Vgs*-6V, Vus=0, 
ed lnput Capacitance f= 1 MHz 

- Common-Source Short-Circuit Vos = 0, Ves=-6V, Vyus=0, ae 
ie Reverse Transfer Capacitance f= 1 MHz 


‘ : Vps*12V, Vgs=-6V, Vusg=0, 
Cys Drain-Source Capacitance f= 1 MHz, See Note 5 


NOTES: 3. Both gate breakdown voltages sre measured while the device is conducting rated gate current. This ensures thet the gete- 
voltage-limiting network is functioning property. 
4. This parameter must be measured using pulse techniques. ty » 300 us, duty cycle < 2%. 
5. Cag measurement employs a three-rerminal capacitance bridge incorporating « guard circuit. The gate and case are connected 
to the guard terminal of the bridge. 


*JEDEC registered data 
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TYPES TIS26, TIS26, TIS27 
DUAL N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO, OL-8 7211701, MARCH 1972 


TWO MATCHED FIELD-EFFECT TRANSISTORS 


High ly{s|/Cisg Ratio (High-Frequency Figure-of-Merit) 

Low Input Capacitance, Cigg: 8 pF Max 

Low Differential Gate Current: 10 nA Max at Ta = 100°C 

Low Noise Figure: 5 dB Max at 10 Hz 

Recommended for Low-Level D-C Amplifiers, Sample-Hold Circuits, and Series-Shunt Choppers 


mechsnical data 


ALL LEADS INSULATED FROM CASE 


Dimensions witheut telerence designate 
true position. Leeds heving maximum 
diqmeter {0.019} meccured In gegieg 
plane 0.054” + 0.001” 0.000" below 
the seating plone of the device shall be 
within 0.007” of thelr tree pesitions 
relative te o moximemowidth teb. 


. SOURCE 1 
. DRAIN 1 
. GATE 1 

. SOURCE 2 
. DRAIN 2 
. GATE 2 


DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


EACH TOTAL 
TRIODE DEVICE 
Drain-Gate Voltage 2. 6 6. 6 1 ee ee ee es 50V 
Drain-Source Voltage ww ww ee ee ee ee 50V 
Gate-Source Reverse Voltage. 6 ww we ee ee ee ee -50 V 
Drain-t—Drain-2 Voitage 2 6. 6 ee ee ee es +120V 
Lead-to-Case Voltage 6 6 ww ee ee ee +120V 
Continuous Gate Current . 2. 6 6 ee ee ee ee te ee eee 10 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note?) . . . . 300mW 600 mW 
Storage Temperature Range 2 6 6 6 ee —65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10Seconds 2 2 1 7 ee ee es . *300°C—> 


NOTE 1: Derate tinearly to 178°C free-air temperature at the rates of 2 mW/°C for each triode and 4 mW/°C for totel device. 


USES CHIP JNG1 


en 
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TEXAS INSTRUMENTS 4-497 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS. TEXAS 75222 


TYPES TIS25, TIS26, TIS27 
DUAL N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


individual triode characteristics (see note 2) : 
PARAMETER 


ViBR)GSS Gate-Source Breakdown Voltage Ig=-1nA, Vps=0 
Ves =-30V, Vos =90 

Vos = ~—30V, Vos = 9, 

pss Zero-Gate-Voltage Drain Current 0.6 
Ves _____Gate-Source Voltage 
VGSiotf) _GeteSource Cutott Valine 
FFee(on) Smell Signal Drain-Source On State Resistance |Ip=0, Vago, f= 1 kHz 


Gate Cutoff Current 


Smail-Signal PomnmenrSourcs 
Forward Transfer Admittance 

Small-Signal Common-Source Output Admittance|Vps=15V, Vgs=0,  f=1kHz | 
Smail-Signal Common-Source Input Capacitance |Vps=15V, VoGgs=0, f= 1MH2z 
Small-Signal Common-Source 
Reverse Transfer Capacitance 
Small-Signal Common-Source 
Forward Transfer Admittance 


Vps=15V, Vgg=0, f= 1MHz 


Vps=15V, Ve6s=0, #= 100 MHz 


triode matching characteristics 


Ves =-15V. Vos = 0, 
Ta = 100°C 


Joss Zero-Gate-Voitage Vos=15V, Ves=0, 

Ipss2 Drain Current Ratio See Note 3 
Vops=18V, Ip =50uA 

vasa Veesl GaisSoulcs Voiugebitennter | LOSS SN tos bOwn | 8 |e ne ay 
Vos=15V,Ip=500uA [5 | 10] 16 | 


Tai) = 25°C, Tala} = —40°C ay 
Vosg=15V, 19 =500uA, 

Small-Signa} Common-Source Vps=15V. Ves=0, 

Forward Transfer Admittance Ratio ee Oe eee 


‘ operating characteristics at 25°C free-air temperature 


lessi—lessa| Differential Gate Cutoff Current 


Gate-Source-Voltage-Differential 


lA(Vgs1-VGs2) 
'Vos1-VGs2 Atal Change with Temperature 


individual triode characteristics (see note 2) 


TIS25 TIS26 
PARAMETER TEST CONDITIONS a UNIT 
es Vos =15V, Vgs=9, f= 10 Hz, 
F Spot N F 
Pree re pete: Rg=1MQ, Noise Bandwidth = § Hz 
: Vps=15V, Ves=0, f= 10 Hz, 
Vv E lant f Noise Vol VI /H 
n quivatent Input Noise Voltage Noise Bandwidth = 5 Hz nVv//Hz 


NOTES: 2. The terminats of the triode not under test are open-circuited for the measurement of these characteristics. 
3. The lower of the two characteristic readings is taken as the numerator. 


PRINTED IN U.S.A. 
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TYPES TIS37, TIS38, TIS137, TIS138 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311580, NOVEMBER 1971—REVISED MARCH 1973 


SILECTTt TRANSISTORS? 
RECOMMENDED AS LOW-NOISE DESIGN REPLACEMENTS 
FOR GERMANIUM DRIFT TRANSISTORS IN: 
e AM Radio RF and IF Converter Applications 


e@ TV Video and AGC Amplifiers, Sync Amplifiers and Separators, and Emitter paleias 
mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


TIS37, TIS38 
0.160 73.005 
=a Fe or 


BASE 
COLLECTOR 


tamTTER 
0.050 = 0.005 3 veans 0.017 + 8.08? 


NOTES; A. Lead diameter is not controlled in this orea. 
B. All dimensions are in inches. 


ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


718137, T1S138 


. Lead diometer is not controlled in this area. 

. Leads having maximum diameter (0.019) shall be within 0.007 of their true pasitions 
meciured in the gaging plone 0.054 below the seating plane of the device relative to 
@ moximum-diometer package. 

|. AH dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


TIS37 TIS38 
TIS137  TIS138 
Collector-Base Voltage. . an Bia be Bata wae le Se Ge Woe ee te, OBEN SOB 
Collector-Emitter Vottage (See Note 1). PB ode ch ae ha. se, raw cates HEL eo Meg He, ee eee wk, BZN a 82V. 
Emitter-Base Voltage 2 0 2 0 ee ee ee BV -4V 
Continuous Collector Current goyhbeats toe ee 50 MA 
Continuous Device Dissipation at (or baiow) ‘26° C Free-Air Temperature (See Note 2) wo eee ee G25 MW 
Storage Temperature Range. . Dee ee ee eee ee ee s —65°C to 150°C 
Lead Temperature 1/16 lnclitrorn: Casa for 10 Seconds Ce ee ee ee eee 260°C — 
NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 1 50°C free-air temperature at the rate of 5 mw/c. 
tTrademark of Texas Instruments 
£U.S. Patant No. 3,439,238 
USES CHIP P24 
A A a TT a TI a Op 
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TEXAS INSTRUMENTS | 4.499 
INCORPORA 


POST OFFICE BOX 5012 © ioe TEXAS 75222 


TYPES TIS37, TIS38, TIS137, TIS138 
P-N-P SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature 


PARAMETER 


Static Forward Current 
Transfer Ratio 
Small-Signal Commor-E mitter VocE=~9V, !c¢=~1 mA, f = 455 kHz 


Forward Current Transfer Ratio Voce =~-9V, Ic=~1 mA, f= 10MH2z 


Smal!l-Signal Common-E mitter 
Vv =~9V, Ic=~1mA, f= 455k 
Forward Transfer Admittance ce ¢ ie 


fr Transition Frequency VceE=~-9V, Io=—1 mA, See Note 4 


Vee = ~-9 je = 0, f= 1MHz, 
See Note 5 


TIS37 
PARAMETER TEST CONDITIONS T1S137 UNIT 


|) type | 
NF Spot Noise F igure cE c G Z | 98 


Vce=-8V, tc=—1 mA, Rg =1ke2, f= 1MHz 


VcE=~-9V, Ic=~-1mA 


Collector-Base Capacitance 


TYPICAL CHARACTERISTICS AT Ta = 25°C 


TIS37, T1S137 TIS37, TIS137 
STATIC FORWARD CURRENT TRANSFER RATIO STATIC FORWARD CURRENT TRANSFER RATIO 
vs vs 
COLLECTOR CURRENT COLLECTOR-EMITTER VOLTAGE 


120 


100 


a | 
LAU sesh 
panes: 4 
|| eae ul 
il 
Pa wy 


86 


hfE—Static Forward Current Transfer Ratio 
8 
hee—Static Forward Current Transfer Ratio 


0 ! 
—0.1 -0.2 -04 -1 -2 -4 —10 0 —2 -~4 -6 -8 —10 
\¢—Collector Current-mA VcE—Colfector-Emitter Voitage—V 
FIGURE 1 FIGURE 2 


NOTES: 3, This parameter must be measured using pulse techniques, ty = 300 us, duty cycle < 2%. 
4, To obtain fy, the hfe | response with frequency Is extrapolated at the rate of —6 dB per octave from f = 10 MHz to the frequency 
atwhich hg |= 1. 
5. Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit, The emitter is connected to the guard 
termina! of the bridge. 
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TYPE TIS43 
P-N PLANAR SILICON UNIJUNCTION TRANSISTOR 


BULLETIN NO, DL-S 6810706, FEBRUARY 1968 


PLANAR UNIJUNCTION SILECTt TRANSISTOR} 
FOR APPLICATION IN SCR DRIVERS, MOTOR-SPEED CONTROLS, 
TIMERS, WAVEFORM GENERATORS, MULTIVIBRATORS, RING COUNTERS, 
ELECTRONIC ORGANS, AND MILITARY FUZES 


@ Low Leakage Allows More Accurate Timing Circuit Design 
e Provides Wider Range of Design Applications than Bar-Type Unijunction Transistors 
e 2N4891 is Recommended for New Designs 


mechanical dota 


This transistor is encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures 
without deformation. This device exhibits stable characteristics under high-humidity conditions and is 
capable of meeting MIL-STD-202C, Method 106B. The transistor is insensitive to light. 


ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


ALL DIMENSIONS IN INCHES 


9.160 *R08s 
109 *0.005 0.100 +9005 


— 0.020 


aR 
0.100 
= 0.005~ F7 


— 0.500 MIN. Gibso's vioas 3 was 0.017 * S00? 


NOTE A: Lead diameter is not controlled in this crea. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Emitter~-Base-Two Reverse Voltage. . - - - - + © + © 6 © © © © © © ee ew -30 V 
Interbase Voltage... 6 6 ee ett ee ee te ee See Note 1 
Continuous Emitter Current 2 6 6 ee eee we 50 mA 
Peak Emitter Current (See Note 2). . . owes. LA 
Continuous Device Dissipation at (or below) 95°C. Few Air ‘Tassperdibes (See ‘Note 3). . . . 3OmMW 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 4) » . « « 510OmwW 
Storage Temperature Range. . . Soe ee ee ee eee + 65°C to 150°C 
Lead Temperature % Inch from Case ‘op 10 Seconds ae trai enné” aun ey feck, See S2O08C 


NOTES: 1. Interbase voltage Is limited solely by power dissipation, Veo .9, = Vitga © Py. The tpp range specified gives maximum values ronging from 35 V te 52 Y. 
2. This value applies for @ capacitor discharge through the emittes—base-one diode. Current must fotl te 0.37 A within 3 ms and pulse-repetition rate must wot exceed 
10 pps. 
3. Derete Dinearly te 150°C tree-air temperature et the rate of 2.88 mW/deg. 
4. Derate linearly to 150°C lead temperature at the rate of 4 mW/deg. Lead temperature is measured on the base-two lead 1/16 inch from the case. 


tT Trademark of Texas Instruments 
fu, S. Patent No. 3,439,238 
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TEXAS IN STRUMENTS 4-501 


INCORPORAT 
POST OFFICE BOX 5012 « Saas: TEXAS 75222 


TYPE TIS43 
P-N PLANAR SILICON UNIJUNCTION TRANSISTOR 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 
tsp Static Interbase Resistance 


Interbase Resistance 
Temperature Coefficient 


n Intrinsic Standoff Ratio Ve2-8) = 10 V, See Figure 1 


lartmogy Modulated Interbase Current Vera = WV, Ie = 50 mA 
leno Emitter Reverse Current Veo-c = 30V, Ig = 0 
lp ak Pont Emir Curent Wen =v id 


Emitter — Base-One = = A, te 6 
Saturation Voltage et eer ee 


Valley-Point Emitter Current 
Base-One Peak Pulse Voltage 


TEST CONDITIONS 
Vem = 3V, Ie = 0 

Veo-1 = 3V, Ie = 0, Ta = 65°C to 100°C, 
See Note 5 


Ops 


Vest (satl 


Wv 
Vor: 


See Figure 2 


Or) — 55° 9 

NOTES: 5. Temperature coefficient, Otrgpr is determined by the following formula: Org — {igx @ 100°C) gy @ —S5°C) | 100% 
(93 @ 25°C 155 deg 

To obtain rgg for o given temperature Tajayr use the following formula: Tapia) = [rpp @ 25°C] {1 + (cx,pg/100) (Tajay~25°C 7 


&. This parameter is measured using pulse techniques. = 300 ys, duty cycle < 2%. 


PARAMETER MEASUREMENT INFORMATION 


Y — Intrinsic Standoff Ratio — This parameter is defined in terms 
of the peak-poin? voltage, Vp: by meons of the equotion: Y= 
Yeon + Ye. where V_ is obour 0.56 volt at 25°C and decreases 
with temperoture at about 2 millivolts/deg. 


+10V © 


The cirevit used to measure 77 is shown in the figure. In this cir- 
cuit, R,, C, and the unijunction transistor form o relaxotion oseil- 
lator, and the remainder of the circuit serves as a peak-voltage 
detector with the diode D, automatically subtracting the voltage 
Vz. To use the circuit, the “cal button is pushed, ond R, is 
adjusted to make the current meter M, read full scole. The “cal” 
button then is released and the value of 7 is read directly from 
the meter, with x = 1 corresponding to full-scale deflection of 
100 yA. 
G.: 1N457, or equivatent, with the following characteristics: 
Ve = 0.565 Vor Ip = 50 pA, 
M,: 100 pA Full Scale th S2 HA at, = 20 

FIGURE 1 — TEST CIRCUIT FOR INTRINSIC STANDOFF RATIO ()) 


Rs 
50 kQ 


EMITTER-BASE-ONE VOLTAGE 
vs 


EMITTER CURRENT 


Veni) SP Sy NA eS -- S 
YW 
lp ly le 
FIGURE 2 — Vom TEST CIRCUIT FIGURE 3 — GENERAL STATIC EMITTER CHARACTERISTIC CURVE 
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4.502 TEXAS IN ST RUM EN TS or represent thad they ore free from patent infringement. 

INCORPORATED 
POST OFFICE SOX 5012 ¢ DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES TIS58, TIS5S9 


N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. OL-S 698852, JUNE 1966—REVISED AUGUST 1969 


SILECTt FIELD-EFFECT TRANSISTORS{ 
For Industrial and Consumer Small-Signat Applications 
© Coded Ipss Ranges for Precise Circuit Design 
@ LowCrss... <3 pF 
© High yfs/Ciss Ratio (High-Frequency Figure-of-Merit) 
e 2N5949 thru 2N5953 Are Recommended for New Designs 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process developed by Texas instruments. The case will withstand soldering tempera- 
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C, Method 106B. The transistor is insensitive to light. 


ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


3 weaos 0.017 * OOGt 


NOTE A: Leed diemeter is no? controlled in this area, 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage 2. 2 6 6 ee ee ee 25V 
Drain-Source Voltage. 6 6 6 6 ee ee ee ee ee ee 25V 
Reverse Gate-Source Voltage 2. 2 6 6 ee ee ee te —25 V 
Forward Gate Current. 2 2 06 6 ee ee ee 10 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1). . .. - 360 mW 
Storage Temperature Range. 2 © 6 6 ee ee et 65°C to 150°C 
Lead Temperature % Inch from Case for 10 Seconds. © 6 6 ee et ee tt 260°C 


NOTE 1: Derate linearly to 150°C free-air temperature at the rate of 2.88 mwc, 


tTrademark of Texas Instruments 
tu. s, Patent No. 3,439,238 USES CHIP JN51 
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TEXAS, INSTRUMENTS 4-503 


NCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES TIS58, TIS5S 


N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Vesotn Sate-Source Cutoff Voltage 


Small-Signal Common-Source 
IY! Forward Transfer Admittance 


Smatt-Signal Common-Source 
Output Admittance 
Gu pees essing Circuit lp = 2 mA (T1858) 
Common-Source Short-Grevit Ip = 5 mA (TIS59) 
Crus Reverse Transfer Capacitance 
Small-Signal Common-Source 
Re (Ys) Forward Transfer Conductance 


Vos = 15¥, Vos = 0, 


f = 1 kHz, 
See Note 2 


PARAMETER COLOR-CODE INFORMATION 


The TIS58 is furnished in color-coded Inss brackets, each having a 2-to-1 spread as shown in Table 1. 


COLOR CODE loss BRACKET 
Vos = 15 V, Ves = 0, See Note 2 
Yellow 2.5 mA-5 mA 
Green 4 mA-8 mA 
TABLE 1 — TISSS 


The TIS59 is furnished in color-coded Ipss brackets, each having a 2.5-to-1 spread as shown in Table 2. 


COLOR CODE Ipss BRACKET 
Vos = 15 V, Ves = 0, See Note 2 
Yellow 6 mA-15 mA 
Green 10 mA-25 mA 
TABLE 2 — TISS9 


NOTE 2: These parameters must he measured using pulse techniques. to ex 100 ms, duty cycle < 10%. 


aS 
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TYPES TIS62A, TIS63A, TIS64A 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311986, MARCH 1973 


SILECTt TRANSISTORS? 
FOR APPLICATION IN AM-FM RECEIVERS AND 
GENERAL-PURPOSE HIGH-FREQUENCY AMPLIFIERS 


TIS62A Features: 


© f7T...500 MHz Min 
e Lowrb’Ce...20 ps Max 
e F...6dB Max at 100 MHz 


Rugged, One-Piece Construction with Standard TO-18 100-mil Pin Circle 
mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to tight. 


NOTES: A. Lead diameter is not controfied in this area. 
8B. Leads having maximum diameter (0,019) shal! be within 0.007 of their true positions mea- 
sured in the gaging plane 0.054 below the seating plane of the device relative to a maxi- 
mum diameter package. 
. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage 6 ww 30 V 
Collector-Emitter Voltage (See Note 1) 2 6 2 6 ee ee ee 12V 
Emitter-Base Voltage 2 6 6 6 6 ee ee 3V 
Continuous Collector Current . 6 6 6 ee ee te BH. Ge aka et Zags lap t 30 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) ....--..- 500 mw 
Storage Temperature Range. we —65°C to 150°C 
Lead Temperature 1/16 Inch from Case for 10Seconds 2 6 2 es . 260°C 
NOTES: 1, This value applies when the base-emitter diode is open-circuited. 
2. Derate tinearly to 1 60°C free-air temperature at the rate of 4 mw/c. 
trademark of Texas Instruments 
tuU.S. Patent No. 3,439,238 
USES CHIP N22 
en a 
TEXAS INSTRUMENTS 4-505 
INCORPORATED 


POST OFFICE BOX 5012 © DALLAS. TEXAS 75222 


TYPES TIS62A, TIS63A, TIS64A 
N-P-N SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature 


1S63. T 


V(BR)CBO Collector-Base Breakdown Voltage Ic =100HA, IE =0 | 30 
Collector-Emitter 
Vv tc=4mA, Ig =0, See N. 
(BRICEO Breakdown Voltage aah . ei ais pe fe fe 


Vi(BR)EBO Emitter-Base Breakdown Voltage Ig =100nA, Ic¢=0 
tcBo Collector Cutoff Current Veop=10V, le=0 


Static Forward Current 
h VcE=10V, Ic=4mA 
ie Transfer Ratio 


VcE=10V, Ic=4mA, 
hFe| 


Voe=10V, Ig=4mA,_f=10MHe | ance ea 
Voe=10V, ic=4ma, f= 100MM | 6 te[ 8 8] 6 we] 
Vep=1t0V, le=0, f=1 MHz, 

Ce See. acca is : See Note 4 jos rafoa tafos 13] oF | 
tp'Ce Collector-Base Time Constant Vop=10V, IE =—4mA, f= 79.8 MHz | 20} 0] 20] ps | 


NOTES: 3. This parameter must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%, 
4. Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the guard 
terminal of the bridge. 


Small-Signal Common-Emitter 
Forward Current Transfer Ratio 


operating characteristics at 25°C free-air temperature 


TIS62A 
PARAMETER TEST CONDITIONS [TYP MAX| UNIT 
TYP MAX 


F Spot Noise Figure Vce=10V,  Ic¢=2mA, Rg=3002, f= 100MHz | 4 @| ae | 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


500 


200 


P7—Maximum Continuous Device Dissipation—mW 


0 25 50 75 100 125 150 
Ta—Free-Air Temperature Range—C 


FIGURE 1 


ey 
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TYPES TISG9, TIS70 


N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


BULLETIN NO. DL-S 739669, MARCH 1967—REVISED MARCH 1973 


SILECT} FIELD-EFFECT TRANSISTORS + 
SUPPLIED AS MATCHED PAIRS 


High y,, /C.. Ratio (High-Frequency Figure-of-Merit) 
Low Input Capacitance, C,,,...8 pF Max 
Low Gate Reverse Current Differential ...10 nA Max at T,= 100°C 


Recommended for Low-Cost, Low-Level D-C Amplifiers, 
Sample-Hold Circuits, and Series-Shunt Choppers 


mechanical data 


Each TIS69 or TIS70 comprises a matched pair of transistors. A clip is supplied with each transistor pair. 
These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process developed by Texas Instruments. The case will withstand soldering temperatures 
without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 
ALL DIMENSIONS IN: INCHES ar 0.050 (NOTE A) 


oS 
© 4 t+ 
Sb 0.500 MIN. mn 0.050 = 0.005 


NOTE A: Lead diameter is not controiled in this area. 


3 leans a.or7 * 2007 


0.010 = 0.001 


ALL DIMENSIONS ARE IN 
INCHES AND APPLY TO 
THE CLIP WHEN EMPTY 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage 


Reverse Gate-Source Voltage - . 2.) 2 6) ee te tt tt ee tt -25V 
Continuous Forward Gate Current . . 2) 6 ee ee te te 30 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) . . . + 360 mw 
Storage Temperature Range . SLsapan see ts? ve wee eee 4 OSPC to 150°C 
Lead Temperature %s Inch from Case for 10 Seconds . . 260°C 


NOTE 1: Derate linearly to 150°C free-air temperature at the rate of 2.88 mw/*c. 


Trademark of Texas Instruments 
£U. Ss. Patent No. 3,439,238 


USES CHIP JNS1 
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TEXAS INSTRUMENTS 


INCORPORATED 4-507 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


4-508 


TYPES TIS6S, TIS70 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
individual triode characteristics 


TEST CONDITIONS 
Ves = ~-25V, Vos =0 
less Gate Reverse Current 


Vos = 15, Ves = 0, See Note 2 


Small-Signal Common-Source aS = x 
Forward Transfer Admittance Vos = 15, Yes = 0, f = 1 khz 


Small-Signal Common-Source Vos = 15, Yes = 0, 


Vos = 15, Ves = 0, 
Small-Signal Common-Source = Ves = 0 
Crus Reverse Transfer Capacitance 7 bat Pe 


Small-Signal Common-Source 
Ive psolieae Admittance Yos=15¥, Ves = 0, 


triode matching characteristics 


Ves = -15V, Vos = 0, 
ee et or 


Yos = 15¥, ly = 50 
Wes: ~ Vesa! Gate-Source-Voltage Differential td © py 


Vps = SY, Ip = 500 


Vos = 15 y, lb = 500 pa, 
Tan = 25°C, Tata = 40°C 


Vos = 15 V, yp = 500 pA, 


Tany = 25°C, Tay) = 100°C 
Tero-Gate-Voltage 


Vos = 15V, Ves = 0, 
Drain Current Ratio See Note 3 


Gate-Source-Voltage Differential 
[Aves — Nes) 414] Change with Temperature 


Welt Small-Signal Common-Source Yos = 15¥, Vos = 0, 
WWesle Forward Tronsfer Admittance Ratio | f = 1 kHz, See Note 3 


NOTES: 2. This parameter must be measured using pulse techniques. tw © 100 ms, duty cycle < 10%. 
3. The tower of the two characteristic readings is taken as the numerator. 
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TYPES TIS73, TIS74, TIS75 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


SHLECT{ FIELD-EFFECT TRANSISTORS? 
FOR HIGH-SPEED COMMUTATOR AND CHOPPER APPLICATIONS 


© LOW Fuser) 2 25 9 Max (TIS73) 
© Low Iyer : 2 nA Max 
© Low Drain-Gate Capacitance (C,..): 8 pF Max 


© Rugged, One-Piece Construction with Standard 
TO-18 100-mil Pin-Circle 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process developed by Texas Instruments. The case will withstand soldering tempera- 


BULLETIN NO. DL-S 679709, MARCH 1967 


are capable of meeting MIL-STD-202C, Method 1068. The transistors are insensitive to light. 


tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and ee 


3- GATE 
Lead diameter is not controiled in this area. 


B. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions mea- 
sured in the gaging plane 0.054 below the seating plane of the device relative to a maxi- 


mum diameter package. 
. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (untess otherwise noted) 


Drain-Gate Voltage 


; . 30V 
Drain-Source Voltage . . . OV 
Reverse Gate-Source Voltage ~30 V 
Continvous Forward Gate Current . Si eeheashee fats See Os oT ere ein “erpes Sees teen oe - 5OmA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) . . 360 mW 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 2) « » 500 mW 
Storage Temperature Range. . - - - 2) se se te ttt . -65°C to 150°C 
Lead Temperature % inch from Case for 10 Seconds . oe 260°C 
NOTES: 1. Derate linearly te 150°C free-sir temperature at the rate of 2.88 mW /deg. 
2. Derate linearly te 150°C toad temperature et the rate ef 4 mW/deg. Lead temperature is measured on the gate lead 1/16 inch from the case. 
tTrademark of Texas Instruments 
tu, §, Patent No. 3,439,238 
USES CHIP JNS2 
Ee 
Texas INSTRUMENTS 4-508 
INCORPORATED 


POST OFFICE BOX 8012 « OALLAS, TEXAS 76222 


4-510 


TYPES TIS73, T1S74, TIS75 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
PARAMETER | _Tis7s" [Tis74_— 
MIN” MAX|MIN” MAX|MIN MAX] 
Virjess Gate-Sourca Breakdown Voltage | Ic = —I BA, Vos = 0 |-30 30 
Ver = 15, Vos = 0 a 


See es Si r= ee 
Wes = TY, Vos == 107 ee RE 1 RSS 
5 


5 -5 

-4 = ~10/ -2 —6 

50 20-100 
0.75 


TEST CONDITIONS 


lojera Drain Cutoff Current 


Vesioty Gate-Source Cutoff Voltage 
loss Zero-Gate-Voltage Drain Current 


y, Drain-Source 
PSion On.State Voltage 


Small-Signal Drain-Source 

Fas(orl_On-State Resistance 

C Common-Source Short-Circuit 

ss input Capacitance 
Common-Source Short-Greuit 

Cos Reverse Transfer Capacitance 


20 mA (TIS73) 
Loto? = 10 mA {TIS74) 
5 mA (TIS75) 


—10 V (TIS73) 
Vestorn = -6V {TIS74) 
—4V (11875) 


NOTE 3: These perameters must be measured using pulse techniques. tp =z 100 ms, duty cycle < 10%. 


TThese cre nominal valves, exact values vary slightly with transistor Pargmeters, 


PARAMETER MEASUREMENT INFORMATION 


+10 V t ST ns t+ <1 ns 


ov 
. -10 V (11873) ai 200 ns 
areas svewa|{ 
1910 9 (T1875) ae ee ait. lex ra 
INPUT ee OUTPUT 
90% 90% 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1 


NOTES: 0. The input waveforms are supplied by o generator with the following characteristics: Zou = 50-2, duty cycle mes 2%. 
b. Waveforms ure monitored on an oscilloscope with the following choracteristics: 1, < 0.75 ns, R, 2 MO, CG, < 2.5 pk. 


See eeeeennererviremeees 
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TYPES TIS84, TIS108 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311254, AUGUST 1969—REVISED MARCH 1973 


HIGH-FREQUENCY SILECT} TRANSISTORS! 
FOR TV TUNER AND IF APPLICATIONS 


Featuring Low-Feedback Capacitance and Forward-AGC Characteristics 
@ TIS84 for Tuner RF Amplifiers 
@ TIS108 for IF Amplifiers (Replaces TIS85) 


Rugged, One-Piece Construction with Standard TO-18 100-mil Pin Circle 
mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process developed by Texas Instruments. The case will withstand soldering tempera- 

‘ tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


Feedback capacitance is minimized by placing the emitter terminal between the base and collector ter- 
minals, thus optimizing compatability with advanced high-frequency design. 


+0.002 


9.017 "9991 OA 


3- COLLECTOR 


WOTES A. Loud diometer it net controtied in this ores. 
B. Leads heving meximum diemeter (0.019) shall be within 0.007 of their true positions 
meaiured in the gaging plane 0.054 below the seoting plone of the device relotive to 
8 maximum-diometer package. 
€. All dimensions are in inches. 


absolute maximum ratings at 25°C free-cir temperature (unless otherwise noted) 


Collector-Base Voltage . 2-6 6 et et ee te te ee 40V 
Collector-Emitter Voitage (See Note 1) 2. 2 2 6 ee ee ee te tt 30V 
Emitter-Base Voltage . - 6 6 6 ee ee ee ee ee ee 4v 
Continuous Collector Current 2. 2. 2 2 ee ee eet ee ts 50 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). . - . 500 mW 
Storage Temperature Range. ©. 6 6 ee ee te ee 65°C to 150°C 
Lead Temperature % Inch from Case for 10 Seconds © 6 6 6 6 et ee et ee 260°C 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


Viericao Collector-Base Breakdown Voltage 
Viericeo Collector-Emitter Breakdown Voltage 


lero Collector Cutoff Current 


TEST CONDITIONS 
le = 0p kh = 0 


Static Forward Current 
hee Transfer Ratio Vee = 10¥, Ic = 4mA 


Vee Rase-Emitter Voltage Vee = WV, Ic = 4 mA 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 4 mw/c. 
3. This parameter must be measured using pulse techniques. ty = 300 ys, duty cycle < 2%. 


t Trademark of Texas Instruments 
tu. s. Patent No. 3,439,238 USES CHIP N17 
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TEXAS INSTRUMENTS 4-511 


NCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES TIS84, TISI08 
N-P-N SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature 


a rr : 
_tananeree [rr conamions aa a a 


ihel Small-Signal Common-Emitter 


Forward Current Transfer Ratio Vou = 10, Ic = 4 mA, f = 100 Miz i 


Small-Signal Common-Emitter Vou = 10V, le = 4h, f= 200mm | @ 8) 
a 


IY! Forward Transfer Admittance Ves = 10V, lo = 4 mA, 1 = 45 Miz 


¢ Phase Angle of SmallSignol Common- | Vor = 10V, tc = 4 mA, f= 200 MHz | -50° 0° 80] SS 
Yte Emitter Forward Transfer Admittance 
ies 


c Porallel-Equivatent Common-Emitter { Vca = 10, lc = 4mA, f = 200 Miz ae ee ee 
Short-Circult Input Capacitance} eee Doe | eee 


¢ Common-Emitter Short-Circult Vou = 10 V, Io = 1 mA, 
ret Reverse Transfer Capocitancet 


f = 0.1 Miz to 1 MHz 


C Parallel-Equivalent Common-Emitter | Vee = 10, le = 4mA, = 200 MHz 
“_Shar-Creut Output Copactoneet "Vox = 10, lo = mh, = 45 Wi | 


eet tee onal 

Rett) Real Part of Smaii-Signal Vos = 10V, Io = 4 mA, f = 200 MHz | 3 o| | 
‘e! — Common-Emitter Input Impedance Voge = 10, ic = 4 mA, f = 45 Miz fC CSsC~“‘“CéR;C*O CY 
Real Part of Small-Signat Vor =10V le =4mA, f= 200MHz | 14 fC 


Petrie) Common-Emittr Input Admittance | Ver = 10 V-1e = 4 mT = a5 Mi Eee 


a a 
Relyae) Real Part of Small Signal Voe = 10, fc = 4 mA, f = 200 Miz | 
2 | 0.05 0.2 | 


Common-Emitter Output Admittance Voe = 10, Io = 4mA, = 45 Miz 


Cres: rege nd C.., are defined os the Imaginary ports of the small-signol, common-emitter, short-ciscult edmittences divided by 29, 
lest “ras oes 


operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


NF Spot Noise Figure 


Veo = 124, 

Re’ = 1500, 
Unneutratized Small- | coe Figure 1 
Signal Common-Emitter 


Insertion Power Gain be = 4.5 mA, 


R.'= 250 Q, 


Veo =12), R= 1 ko, 
Gain-Control A6,. = —30 dBt, See Figure 1 
Base-Supply = — aan 
Voltage Yoo = 129, Re’ = 5000, =,’ = 250.0, 


AG,, = —30 dBt, f = 45 Miz, See Figure 1 


446,, Js defined as the chonge in Gyq frem the value at Vgg = 2.1 V at 200 MHz or from the volue at Vag = 2.6 ¥ at 45 MHz. 
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4-512 TEXAS INSTRUMENTS 
INCO bo 


RPORATE 
POST OFFICE BOX 5012 + DALLAS, TEXAS 78222 


TYPES TIS84, TIS108 
N-P-N SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


1000 pF 


FROM 50-22 
SOURCE 


1kQ 


Vas 


COMPONENTS FOR ¢ = 45 Miz 
Cy: 36 pF 
C,: 47 pF 
L,: 8 7 #20 enameled copper wire, 
close-wound on 14” diameter form 


L,: 10 T#20 enameled copper wire, 
close-wound on 4” diameter form 


TO 50-1 
DETECTOR 


HOR 


+Vec 


COMPONENTS FOR f = 200 MHz 
Cy: 18 pF 
C,: 270 pF 
Lj: 2 T#20 enometed copper wire, 

Ye" pitch, wound on 24" diameter form 
L,: 2 T#14 enameled copper wire, 

1%" pitch, wound on %" diameter form 


FIGURE 1 — POWER-GAIN AND GAIN-CONTROL-VOLTAGE TEST CIRCUIT 


TYPICAL CHARACTERISTICS 


Tiseé: 
SPOT NOISE FIGURE 


vs 
COLLECTOR CURRENT 


NF — Spot Notse Figure — dB 


0 2 4 6 8 1 86120—«(oM4 Oi 
le — Collector Current —mA 


FIGURE 2 


TIS84 
RELATIVE SMALL-SIGNAL COMMON-EMITTER POWER GAIN 


vs 
GAIN-CONTROL BASE-SUPPLY VOLTAGE 


a 
a] 

| 
++ 

£ 
& 
i 
£ 
3 
2 

| 

g 

-35 
9) 1 2 3 4 5 
Vesicc) — Gein-Control Base-Supply Voltoge — v 
FIGURE 3 


$46,, is defined as the change In She from the value at Vag = 2.1 ¥ at 200 Miz or from the volue at Vgq == 2.6 V at 45 MHz. 
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4-514 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) . 


TYPES TIS86, TIS87 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 6810225, JUNE 1967—-REVISED MAY 1968 


HIGH-FREQUENCY SILECT+ TRANSISTORS: 
DESIGNED FOR TV MIXER AND NON-AGC IF STAGES 
Featuring Low Feedback Capacitance and 
Full Characterization to Simplify Circuit Design 
e TIS86 for Mixer 
"© TIS87 for Non-AGC IF Amplifier 
Rugged, One-Piece Construction with Standard TO-18 100-mil Pin Circle 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process developed b 


tures without deformation. These devices 
are capable of meeting MIL-STD- 


Feedback capacitance is minimized by placing the emitter terminal between the base and collector ter- 
minals, thus 


y Texas Instruments. The case will withstand soldering tempera- 
exhibit stable characteristics under high-humidity conditions and 
202C, Method 1068. The transistors are insensitive to light. 


optimizing compatibility with advanced high-frequency design. 


+0.002 
0.017 999), DIA. 
). 3 LEADS 
0.500 MIN, 5 


2— COLLECTOR 


NOTES: A. Lead diameter is not controlled in this area. 


Lo Lood: having maximum diameter (0.029) shall be within 0,007 of their true positions 


meauured in the gaging plane 0.054 below the reating plane of the device relative ta 
a moximumdiameter package. 


C. All dimensions are in inches, 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


TIS86 TIS87 
Collector-Base Voltage. . 2. 2. 2... 1. ek, se ew ee . 8OV 45V 
Collector-Emitter Voltage (See Note 1)... . . . Woe ekg a) tee ee Oe te 2 GOV 45V 
Emitter-Base Voltage . . . . 2... we fe 8 we AV 4v 
Continuous Collector Current. . . . 


<— 50 mA — 


~<—400 mw—>- 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 3) . .<—700 mw—> 
Storage Temperature Range . Ft ee ee ee ee ee wwe 1 68"S to 150°C 
Lead Temperature Me Inch from Case for 10 Seconds. . 2 2 1 ww; + <— 260°C —> 


WOTES: 1. This value applies when the base-emitter diode is open-circvited. 
2. Derate linearly to 156°C free-air temperature at the rate of 3.2 mW /deg. 


3. Derate linearly to 150°C lead temperature at the rate of 5.6 mW/deg. Lead temperature is measured on the collectar lead 1/16 inch from the cuse, 


T Trademark of Texas Instruments 
U, S, Patent No. 3,439,238 


USES CHIP N16 
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TEXAS INSTRUMENTS 
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POST OFFICE BOX 5012 + DALLAS, TEXAS 78222 


TYPES TIS86, TIS87 
N-P-N SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


ee ee ee es 
[MIN TYP_MAX|MIN TYP MAX! 
 Vimoso Color Suse Breckdows oops —[lo=WeA=O0 itm ts | 
Ic = 10mA, Ip = 0, See Note 4 ee 
er ee ee 
[teso Emitter Cutoff Current | Vea = 4¥, Ic = 0 es) ee 
ine Safest law etek ee 
Transfer Ratio | Vee = 12V, Ic=12mA, SeoNoes [| 8050 
| Vez Bose-Emitter Voltoge =| Voe= 12, tc=1SmA, SeeNoted = | a7] O87] 
Vera Collector-Emitter Saturation Vattoge | y= 1SmAto=ISmaA | OS 
nal sto omen entne [Yar = HWY, le Amk Fevime [SP 
Forward Current Tronsfer Ratio | Vox=12V, c= 12mA f= loom | | S| 
Smoll Signal Common-Emitter — [Yoe=10¥, Ic=4mA, f= 45miz [0 15 | 
lyse] Forward Transfer Admittance Vee =12V, lo = Wms, f=45MRz | ss 130— 200 
Phase Angle of Small-Signal Vor = 10¥, Io =4mA, f= 45 Miz 7 se-me] | 


byte Common-Emitter Forward 
Transfer Admittance Vee =12¥, lo = 12m, f= 45Miz | | 18° 25° -35 
G Porallel-Equivalent Common-tmitter | Voe=10¥, c= 4mA, f= 200MHz [| 9 | 
sa Short-Circuit Input Capacitencet Vee = 12¥, Ic = 12 mA, f = 45 Mz fa ns 
tJ Common-Emitter Short-Grevit Vee = 10¥, io = Ima, 
Reverse Transfer Capacitancet f = 0.1 MHz to | Mitz 
Con Parallel-Equivalent Common-Emitter | Vor =10¥, c= 4m, t= 45mm | 
Short-Greuit Output Capactonast [Vox =12V, lo = 12m f= 45M [| 
Re(h,.) Real Port of Small-Signal Voe=10V, lb =4mA, f= 200MRr |  —32_—60 | 
ie) Common-Emitter Input impedence [Vor = 12V, le = toma f= 45M | 
Refy,,) Ret! Part of Small-Signal Vee = 10¥, Io = 4 mA, f = 200 Miz 
ief — Common-Emitter Input Admittence § [ ¥og = 12V, Io = 12 mA, f = 45 Miz 
Roly) Rol Port of Small-Signal [Ver = WOW, te = Ama, f= 45 Mie | 
Nex) Common-Emitir Output Admittonce [Vog = 12V, lo = Wma f= 45M [| 


MOTE 4:° These parameters must be measured using pulse techniques. 1, = 300 ys, duty cycle < 2%. 


Tear Cross OFF Cog ate defined as the imoginery parts of the small-signal, commen-emitter, short-circvit admittences divided by 2af. 


operating characteristics at 25°C free-air temperature 


So 
NF Spot Noise Figure Vee = 10V, Ic = 4mA, Re = 500, f = 200 Miz 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


4-516 


SILECT+ COMPLEMENTARY TRANSISTORS? 
Available in Matched Complementary Pairs (TIS9OM thru TIS93M) 

for Complementary-Symmetry or Other Class-B Audio-Amplifier Applications 
¢ Supplied in Color-Coded h,_, Brackets of 3-dB-Maximum Range 
e 1.6-W Rating at 25°C Case Temperature 

mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 


MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


+0.005 
r 0,050 (NOTE A) 0.160 _ 9.095 


0.100. +0.005 
400 0.020 


3 leans 0.017 * 9-002 
T1$90, TIS9OM, TIS91, TIS9IM 
ALL JEDEC TO.92 DIMENSIONS AND NOTES ARE APPLICABLE 


NOTES: A. Lead diemeter is not controfied in this area. 
8. All dimensions are in inches. 


+0,002 
0.017 "9.901 DIA. 
. LEADS 
0.500 MIN . 


3+ COLLECTOR 


TIS92, TIS92M, TIS93, TIS9SM 
NOTES: A. Leod diometer is not contrelied in this area. 
B. Leads hoving maximum diameter (0,019) shall be within 0.007 of their true positions 
measured in the gaging plane 0.054 below the senting plane of the device relative to 
@ moximum-diemeter package. 
C. All dimensions are in inches, 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)§ 
Collector-Base Voltage ole teen. ae ae Oe BO 
Collector-Emitter Voltage (See Note 1) . 
Emitter-Base Voltage . . 7 
Continuous Collector Current . wares cake Gee Se? avis Jay ED AY AY: RL as tee ee CB: Toe eee 6 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 3)... . 


Continuous Device Dissipation at (or below) 25°C Case-and-Lead Temperature (See Note 4) 
Storage Temperature Range. www ww kk kk kt oe 6 65°C 


Lead Temperature % Inch from Case for 10 Seconds . 


NOTES: « This vaiue applies when the base-emitter diode is open-circulted, 


t 
2. Derate tinearly to 150°C free-eir temperature at the rate of 6 mw/*c. 
3. Derate linearly to 150°C leed temperature at the rate of 10 mw/c 
Lead temperature is measured on the collector leed 1/16 Inch from the case. 
4, This rating applies with the entire case {Including the leads) maintained at 25°C. 
Oerate {inearly to 180°C case-and-lead temperature at the rate of 12.8 mW/°C. 


polarities are reversed, 


t Trademark of Texas Instruments N-P-N TYPES USE CHIP N24 
P-N-P TYPES USE CHIP P20 


$U.8, Patent No, 3,439,238 


TEXAS INSTRUMENTS 


NCORPORATED 
POBT OFFICE BOX 6012 © DALLAS, TEXAS 75222 


N-P-N TYPES TIS90, TISSOM, TISS2, TISS2M 
P-N-P TYPES TIS91, TISSIM, TIS93, TIS93M 
COMPLEMENTARY SILICON TRANSISTORS 


BULLETIN NO. DL-S 7310224, JULY 1967—REVISED MARCH 1973 


» 40V 
» . 40V 
». SV 
- 400 mA 
- 625 mW 

1.25 W 
» LOW 
to 150°C 
. 260°C 


§ Voitages and currents apply to the 
n-p-n transistors. For the p-n-p tran- 
sistors the values are the same, but the 
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N-P-N TYPES TISSO, TISSOM, TIS92, TIS8S2M 
P-N-P TYPES TIS91, TISSIM, TIS93, TISS3M 
COMPLEMENTARY SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature 


TIS90, TIS9OM | TIS91, TIS9IM 


PARAMETER TEST CONDITIONS} 11892. TIS92M | TIS93, TIS93M 
" D 


Viericeo Collector-Base Breakdown Voltage 
Visniceo Collector-Emitter Breakdown Voltage 
Vieejeso _Emitter-Base Breakdown Voltage 
Collector Cutoff Current 


lc = 100 pA, Ip = 0 
kk = 10 mA, Ip = 0, See Note 5 
le = 100 pA, Io = 0 
Vos = 20 V, fe =0 


Emitter Cutoff Current Vee =3V, IL =0 
Static Forward Current Tronsfer Ratio | Vce = 2V, Ic = 50 mA, See Note 5 160 300] 100 160 3 
Base-Emitter Voltage 


Vee =2¥, Ic = 50mA, SeeNote5 | 06 077  1/-06-076 —I 
Te=5mA, Ic = 50 mA, See Note 5 25 
Ip = 20mA, Ic = 200 mA, See Note 5 


Voejsat) _Coltector-Emitter Saturation Voltage 


NOTE 5: These parameters must be measured using pulse techniques. t, = 300 us, duty cycle < 2%. 
TTest condition voltages and currents apply to the n-p-n transistors. For the p-n-p transistors the values are the same, but the polarities are reversed. 


PARAMETER COLOR-CODE INFORMATION 


To facilitate matching and identification these transistors are color-coded in hee brackets, each having a maximum spread of 3 dB as shown in the 
table below. No guarantee is made as to distribution of hre values, except that equal numbers of n-p-n and p-n-p devices will be shipped in ony 
given bracket when matched complementary pairs are ordered. 


COLOR CODE 


| Yellow | [ vioweT 
hre Range, 
Vou] = 2Y, Ie} = 50 mA 


ORDERING INFORMATION ~To order matched complementary pairs, order the same quantity each of TISIOM and TIS9IM or TIS92M ond TIS93M. 
Devices may be ordered separately by specifying TIS9O, TIS91, TIS92, or TIS93. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVES 


a At eh | 
| 1.46 
§ 2 | rl 
Ria 4 Temperature 
is ae 
a" Controlled Lead 
31.0 
& 
3 0.8 
§ 0.6 
& 
gos ontre led Free~Air 
0.2 ‘emperatur: 
oo 0 
0 235 50 75 100-125 150 
T —Tempercture — °C 
FIGURE 1 
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IN ORDER 10 IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES TISS4 THRU TIS99 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. OL-S 7310187, JUNE 1967—REVISED MARCH 1973 


A COMPLETE FAMILY OF LOW-NOISE, LOW- TO MEDIUM-CURRENT SILECTT 
TRANSISTORS? FOR USE IN HI-FI AUDIO AMPLIFIERS AND 
GENERAL PURPOSE LOW-FREQUENCY APPLICATIONS 


e High V(BR)CEO - . . 65 V Min (TIS96 and TIS99) 
e@ €xcellent hfE Linearity to 100 mA 
mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


TIS94, TIS9S, TIS96 


= 0.050 (NOTE A) 
— —— r 
Be rE 
5 PEs ants 0, 
Leer ees 0.300 MIN. = ' : 3 Leaps 0.017 + 9.00? 


ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 
NOTES: A. Lead diameter is not controlled in this area. 
8B. All dimensions are in inches. 


SS 


1 a pa pen ola. 
eee she. 0.500 MIN _| f 


3- COLLECTOR 


NOTES: A. Leod diameter is not controffad in this area. 
8. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions 
measured in the gaging plone 0.054 below the seating plane of the device ralative to 
@ moximum-diometer package. 
€. All dimensions ore in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


TIS94 = TiS95—s TIS96 
TIS97. —s- TIS98.)=—s TIS99 
60 V 80 V 80V 
40V 60 V 65V 

6V 6V 6V 
+-— 200 mA—— 


Collector-Base Voltage ay bin eS 

Collector-Emitter Voltage (See Note 1). 

Emitter-Base Voltage é 

Continuous Collector Current Davin Ne cht tee cor We, Mocs 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature 
(See Note 2) oe aS oa Mh eal, ar ce 

Continuaus Device Dissipation at (or below) 25°C Lead Temperature 
(See Note 3) rte 

Storage Temperature Range 


Lead Temperature 1/16 Inch from Case for 10 Seconds 
NOTES: 


—— 625 mw——» 


—— 1.25 W——__» 
+— -65°C to 150°C —» 
ith . 2. 260°C ——_> 
1. These values apply between 0 and 10 mA collector current when the base-emitter diode is open-circuited 

2. Derate linearly to 150°C free-air temperature at the rate of 5 mw/c. 


3. Derate linearly to 150°C tead temperature at the rate of 1 
from the case. 


t Trademark of Texas instruments 
U.S. Patent No. 3,439,238 USES CHIP N21 
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O mW/°C. Lead temperature is measured on the collector lead 1/16 inch 
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TYPES TIS94 THRU TIS99 


N-P-N SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


ae bal 


i 


[MIN TYP MAX | 
Vianiceo Collector-Emitter Breakdown Voltege| I = 10 mA, Ip = a, Sea Note 4 ee Tv | 
Ya = @V=0 wl wif | a | 
leno Collector Cutatf Corrent LL ee EE, se eee 
Yop = 5¥, te = OHA =m wmf | 
‘ Suatic Ferwerd Wo = SV ig = tm SCSCSC*C~iSC tw 
FE ——_Canrant Tester Ratio Veg = SV ig =m seme? | 
TV lg Work Swte | Td St 
Vek «| SDOMEMNIL Tonees ae Ee a eee 
Vea iVe ig = Wek sets | Te 
ie tiene Wes sed | ee 
a Vott 
Ne) a atm Ig = Wmh sone | | 
Vee = SV, Ic = WO UA a es aa ae 
Male ee ee = ea: ee 
paar Weg = SV Ig = 10m _| ae a 
edie ities bak Vg = SV, Ig = 10 HA | ae 
: Ceara Tramtr Rave |= (LES SY c= mA | a 
te Forward Current Transfer Ratio 100 20 40 
log = SV, Ig = 10 ma _| ee) 


Vog = SY, tc = 100 HA 


15x 
1e4 


h Small-Signal Common-Emitter 
te Reverse Voltoge Transfer Ratio 
09x 
194 


lied 


i 


Small-Signal Common-Emitter 
oo Output Admittance 


Smet-Signal Common-Emitter 
Yte Forward Transfer Admittance 


[Woe = 5%, fc = ema | 


ih | Smatl-Signal Common-Emitter 
fe Forward Current Transfer Ratio Vog = 5¥, Ig = Wma, f = 100 MHz 


Yop = 5, EE = 0, f = 1 Miz, 
Cob Collector-Base Capacitance ct - $ee Note 5 : 
: ; Yep = O5¥, I = 0 f= 1 Ml, 

Cb Emitter-Base Capacitance See Note 5 


operating characteristics at 25°C free-air temperature 


Spot Noise Figure 


F 
F 


= 5Y, Iq = 30 pA, Re = ko, 


1 kHz, __Molse Bandwidth = 100 Hz 
Voge = SV, Ig = 100 WA, 
Noise Bandwidth = 15.7 kHz, 
NOTES: 4. These parameters must be measured using pulse techniques. tw™ 300 us, duty cycle < 2%. 
B. Cop and Cep are measured using three-terminal measurement techniques with the third electrode (emitter or collector, 
respectively) guarded. 
6. Average Noise Figure is measured in an amolifier with rasponse down 3d8 at 10 Hz and 10 kHz and a high-frequency rolloft of 
6 dB/octave. 
8-the TIS96 and TISQ9 are color-coded on hee measured st VcE = 5 V, Ic ™ 100 mA. Each bre bracket has a 2-to-1 spread as follows: red, 
65-110; orange, 90-180; yellow, 150-300. No particular hee distribution is implied by this coding system. 


Vee 
(= 


Average Noise Figure 


ET ean aaa ae a 
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TYPES TIS100, TiSt01 
N-P-N SILICON TRANSISTORS 


BULLETIN NO, DL-S 6810553, NOVEMBER 1968 


a) 


HIGH-VOLTAGE SILECTt TRANSISTORS} 
FOR VIDEO OUTPUT STAGES, 
AGC AMPLIFIERS, AND BURST AMPLIFIERS 


e High V(BR)CEO - . . 180 V Min (TIS100) 
@ LowCep...3 pF Max 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
Mil.-STD-202C, Method 106B. The transistors are insensitive to Nght, 


NOTES: A. Lead diameter is not controlled in this area. 
B. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions measured 
In the gaging plane 0.054 below the seating plane of the device relative to a maximum- 


diameter package. 
C. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
TIS100 TISTOI 


Collector-Base Voltage. 2. 6 6... ww ke » « 180V 150 V 
Collector-Emitter Voltage (See Note 1)... ........ » . 180V 150 V 
Emitter-Bose Voltage 2 2 2. ww ke 5V 5Vv 
Continuous Collector Current. . . oo 8 eg 100 MA —> 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) ~<-—625 mW-—_» 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 3) <— 1.25 W—-> 
Continuous Device Dissipation at (or below) 25°C Case-and-Lead 

Temperature (See Note 4) . 2. 2. 2 1... wwe ee soe 1.6W —> 
Storage Temperature Range. . 2... ww ke kk ke —65°C to 150°C 
Lead Temperature ¥% Inch from Case for 60 Seconds... 1 1 wl, <— 260°C —~» 


NOTES: 1. These volwes epply hetwoen 0 and 10 mA collector current when the base-emitter diede Is open-circuited. 
2. Derate linearly te 150°C free-air tompercture et the rate of 5 mW//deg. 
3. Derate linearly te 150°C lead temperature et the rate of 10 mW/deg. Lead temperature is measured on the collector lead 1/16 inch from the case. 
4. This rating oppties with the entire case (incloding the teads} maintained at 25°C, Oerate tinearty to 150°C case-and-lead temperature at the rate of 12.8 mW/deg. 


t Trademark of Texas instruments 


tu.8. Patent No. 3,439,238 USES CHIP N27 
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1-520 TEXAS INSTRUMENTS 
INCORPORATED 


POST OFFICE BOX 5012 © DALLAS, TEXAS 75222 


TYPES TiS100, TIS101 
N-P-N SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


| Veno ColacorBase Broakdown Vole [le=100uk w=O +i 


Itage| Ic = 10mA, ty = 0, See Note 5 


Collector-Emitter Saturation Voltage eee 2) 
h Small-Signal Common-Emitter Vee = 50V, Ie =2.5mA, f = 20 MHz | 3 
fs] Forward Curvnt Transfer Rao [Vou = 15¥) lo = 25mA, = 20 Wa Le 


Common-Base Open-Circuit Von = 20V, 1 = 0, f = 1 MHz, 
Covo Output Capacitance See Note 6 


Gp Emitter-Bose Capacitance Yer lem e cal Bees } a 


NOTES: 5, These parameters must be measured using pulse techniques. 1, = 900 jus, duty cycle << 2%, E 


Veatuat} 


6. Cop ond Cy, mecsurements employ 6 three-terminat capacitance bridge incorporating 0 guard cireuit, The third electrede (emitter or cotlector, respectively) {s tone 
nected to the guord terminal of the bridge. C..,, meesurements ere made with the third terminal floating. 


THERMAL INFORMATION 


ry TYPICAL LEAD-TO-HEAT-SINK-TO-FREE-AIR 
THERMAL RESISTANCE 
SYMBOL OEFINITION vs 
sbatunouaee 
Per] Transistor Power Disipation |__| w | 100 


Junction-to-Lead Thermal Resistance [100 | °CMW | 


&8 8 


The minimum heat-sink requirement may be calculated by the 
procedures used in the foliowing example: 


OPERATING 
CONDITIONS: Ta = 60°C 
Ty (transistor design limit) = 150°C 
Ig #8.5MA 
Voge = 70V 
Solution: Py wlc x VcE 
Pr 8.5 MA x 70 V 


P+ = 0.6 W 10 
Ty- Ta 
Rer-Hs + Rens. ~ — Rost (i) 
150 — 60 
Ret-Hs * Rens-a * 000) Heat Sink Area—in2 
Rev-us * Reus-a = 50°C/w FIGURE 1 
Area = 0.86 in.2 (from Figure 1) 
NOTE 7: The collector lead is soldered to the middie of an edge of 
a square heat sink made of 2-ounce copper bonded to 
1/16-Inch-thick XXXP Bakelitet 
tT Trademark of Union Carbide Corporation 
373 PRINTED IN U.S.A. 
TEXAS INSTRUMENTS 4521 
INCORPORATED 
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1 ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE TIS105 


N-P-N SILICON TRANSISTOR 


BULLETIN NO. DL-S 7311280, MARCH 1970—REVISED MARCH 1973 


HIGH-FREQUENCY SILECTTt TRANSISTOR{ 
DESIGNED FOR TV MIXERS AND NON-AGC IF STAGES 
Full Characterization to Simplify Circuit Design 


@ Low Feedback Capacitance 


© hFE Linearity over Wide Current Range Minimizes Intermodulation Distortion 


© Rugged, One-Piece Construction with Standard TO-18 100-mil Pin Circle 
@ 1.25 W Rating at 25°C Lead Temperature 


mechanical data 


This transistor is encapsulated in a plastic compound specifically designed for this purpose, using a highly mechanized 
process developed by Texas Instruments. The case will withstand soldering temperatures without deformation. This 
device exhibits stable characteristics under high-humidity conditions and is capable of meeting MIL-STD-202C, Method 


1068. The transistor is insensitive to light. 


NOTES: A. Lead diameter is not controlled in this area. 


Leads having maximum diameter (0.019) shall be within 0.007 of their true positions measured 
in the gaging plane 0.054 below the seating plane of the device relative to a maximum- 
diameter package. 


. Ail dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage eS 8 
Collector-Emitter Voltage (See Note 1) 
Emitter-Base Voltage ......24~;, 


NOTES: 1. This vaiue applies when the base-emitter diode Is open-circuited. 
2. Oerate finearly to 150°C free-air temperature at the rate of 5 mW/°C. 


3. Derate linearly to 150°C lead temperature at the rate of 10 mW/C. Lead temperature 


from the case. 


TTrademark of Texas Instruments 
U.S. Patent No. 3,439,238 


4-522 


45V 
45V 
4V 

50 mA 
625 mw 
1.25 W 


~65°C to 150°C 


260°C 


Is measured on the collector lead 1/16 inch 


USES CHIP N20 


SS are SSSNSPUSEae 
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TYPE TIS105 
N-P-N SILICON TRANSISTOR 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


U toff 
Coltector Cutoff Current =30V, Ip=0, Ta = 85°C 


UNIT 
ViBRiCBO Collector-Base Breakdown Voltage Ic=10nA, IE =0 45 «iY 
ViBRICEO Collector-Emitter Breakdown Voltage tc=10mA, tp=0, See Note 4 Ze 

Vou =30V ig=9 P| 
eae 
eo ee 


mo] wo 
O10 


im io 
iw |o 


Forward Transfer Admittance 
Phase Angle of Small-Signal Common-Emitter 
Forward Transfer Admittance 


£ Emitter Cutoff Current =4V, I¢=0 
Voce =15V, Ic= 10mA [30150 | 
h Static F d Ci T Rati See Note 4 
re Sneromerdcamn tanto ESTE Ecggma | Seton [359709] 
VBE Base-Emitter Voitage Vce=15V, I¢=10mA, _SeeNote4 | 8 | 
VCE(sat) __Collector-Emitter Saturation Voltage Ig=1mA, I¢=20mA ee ee 
Small-Signal Common-Emitter 
Vce = 15 V, Ic = 10mA, f = 100 MH 
heel Forward Current Transfer Ratio cers . is to 
VceE=15V, | =10mA, | = 20 mA, 
£112) Ratio of Transition Frequencies ce oy c(2) 0.75 
fr See Note 5 
Smatl-Signal Co: -Emitte 
Weel Aisa dea aia cmuaices VcE=15V, I¢=10mA, f= 45 MHz | wo | 


Voce =15V, Ic=10mA, #= 45 MHz 


Veg = 10V, ie =0, f= 1 MHz, 


Cc Collector-Base Capacitance 
ch pecien See Note 6 


2 
N 
~~ 


Parallel-Equivatent Common-Emitter 
Short-Circuit Input Capacitancet 
Parallel-Equivalent Common-Emitter 
Short-Circuit Output Capacitancet 
Reat Part of Small-Signai VceE = 15V, Ic= 10 mA, f = 45 MHz 
Common-Emitter Input Admittance Vce=15V, Io=10mA, f = 200 MHz 
Real Part of Smali-Signal 
Common-Emitter Output Admittance 


VcE=15V, I¢= 10mA, f= 45 MHz 


VceE=15V, I¢=10mA, f= 45 MHz 


VcE=15V, Ic=10mA, — £= 45 MHz 


NOTES: 4. These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
5. To obtain fr, the Pre| response is extrapolated at the rate of —6 dB per octave from f = 100 MHz to the frequency at which 


Ptel= 1. 
6. Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the 
guard terminal of the bridge. 
*Cies and Coes are defined as the imaginary parts of the small-signal, common-emitter, short-circuit admittances divided by 2 nf. 


operating characteristics at 25°C free-air temperature 


PARAMETER 


Voc=18V, Ic =6.5mA, fRF= 200MHz, f,0 = 245 MHz, 
Bandwidth = 4.5 MHz, See Figure 3 


a iE 
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TEXAS INSTRUMENTS 4-523 


INCORPORATED 
POST OFFICE BOX 5012 *« DALLAS, TEXAS 75222 


TYPE TIS105 
N-P-N SILICON TRANSISTOR 


TYPICAL CHARACTERISTICS 


TRANSITION FREQUENCY 
vs 


COLLECTOR CURRENT OUTPUT LINEARITY 


_ 
o 


Ic = 10 mA 
> 9} f=45 MHz 
i RS A50)| a eee a g | TA= 25°C 
= PTT TT] eB seeFisue 4 
3 N 7 
s 8 
2 6 
g 2 
rs 
g B* 
c= Ss 4 
g ‘a 
:° 
? ft 6 2 
3 
se 
0 
1 2 4 7 10 20 40 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 
tc—Collector Current~mA RMS Input Voltage From 33-Q Source—V 
FIGURE 1 FIGURE 2 


NOTE 5: To obtain f7, the Pre| response is extrapolated at the rate —6 dB per octave from f = 100 MHz to the frequency at which hrel~ 1. 


PARAMETER MEASUREMENT INFORMATION 


LOCAL OSCILLATOR INPUT 
URCE 


FROM 60-2 SO 

v = 0.2 V bese-to-ground 

ree oa te 
612 
7 pF 
Rey nha CIRCUIT COMPONENT INFORMATION 

FAoe L1-aT #22 AWG, 9/64" ID, 5/32" length 

80-1 SOURCE TI-PRI: 137 #26 AWG 
To 50-0 

fre © 200 MHz ¢—€) perector SEC: 2T #26 AWG 


CORE: Arnold Engineering Type J (or 
equivalent), 9/64" diameter 


tev 
MIXER SPOT NOISE FIGURE AND CONVERSION GAIN TEST CIRCUIT 
FIGURE 3 
INPUT 


OUTPUT TO 


ASURING POINT 
m 9 1) RF VOLTMETER 


FROM BO) 
SONAL CIRCUIT COMPONENT INFORMATION 
Ginenaron L1—Tunes input to 48 MHz 
C1— Adjusted tor Power Match at 6-V AMS Output 
C2 end L2— Adjusted for 4.8 MMt Bandwidth st 45 MHz 
24V Stability tector 
MEASUREMENT INFORMATION FOR FIGURE 2 
FIGURE 4 
PRINTED IN U.S.A. 373 
TE cannot assume any responsibility for any circuits shown 
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TYPES TIS84, TISW8 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311254, AUGUST 1969-—REVISED MARCH 1973 
HIGH-FREQUENCY SILECT{ TRANSISTORS? 
FOR TV TUNER AND IF APPLICATIONS 
Featuring Low-Feedback Capacitance and Forwerd-AGC Characteristics 

@ TIS84 for Tuner RF Amplifiers 
@ TIS108 for IF Amplifiers (Replaces TIS85) 
Rugged, One-Piece Construction with Standard TO-18 100-mil Pin Circle 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process developed by Texas Instruments. The case will withstand soldering temperg- 
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


Feedback capacitance is minimized by placing the emitter terminal between the base and collector ter- 
minals, thus optimizing compatability with advanced high-frequency design. 


+ 0.002 
0.017 * 9.99) BIA. 


3- COLLECTOR 


NOTES: & Lead diometar is net controlled in this oreo. 
B. Leads having asian dimmeter (0.019; shall be within 0.007 of their true positions 
in the goging plone 0.054 below the seeting plone of the device relative to 
-diemeter peckege 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage 2. 6 6 ee ee ee ee ee ee ee ee ee ee SOV 
Collector-Emitter Voltage (See Note 1) 2 2 6 6 6 ee ee ee ee ee ee ee FOV 
Emitter-Base Voltage 2. 2 2.) ee ee ee eee 
Continuous Collector Current 2. 2. 1. 6 6 6 ee ee tt ee 50 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). . . . 500mW 
Storage Temperature Range. . . . . 65°C to 150°C 


Lead Temperature % Inch from Case for 10 Seconds. 2 2. we ee eee ee + 260°C 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Vierjceo _Colflector-Base Breakdown Voltage 
Vierjceo _Collector-Emitter Breakdown Voltage | Ic = 10 mA, |, = 0, 
Vos = 10V, Ie = 0 


leso Collector Cutoff Current 


Emitter Cutoff Current 


Static Forward Current 
Transfer Ratio 


Vez __Bose-Emitter Voltog [Ver = 10, c= 4mA 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly ta 150°C free-air temperature at the rate of 4 mw/c. 
3. This parameter must be measured using pulse techniques. ty = 300 ys, duty cycle < 2%. 


t Trademark of Texas Instruments 
tu. s. Patent No. 3,439,238 
USES CHIP N17 


TEXAS INSTRUMENTS 4-525 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPES 


1S84, TIS108 


N-P-N SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature 


PARAMETER 


TEST CONDITIONS 


Small-Signal Common-Emitter 
Forword Current Tronsfer Ratio 


Small-Signal Common-Emitter 
Forward Transfer Admittance 


Phase Angle of Small-Signal Common- Ver = 


Emitter Forward Transfer Admitta 


Parallel-Equivalent Common-Emitter 


Short-Grcvit {nput Capacitancet 


10Y, meer gE 200 MHz 


ince 
Vee = 10 V, lc = 4mA, f = 200 MHz 
ce = 10V, lc = 4mA, (= 45 MHz | 


Common-Emitter Short-Circuit 
Reverse Transfer Capacitancet 


WY, lo = I mA, 
f = 0.1 MHz to 1 MHz 


Paralle!-Equivalent Common-Emitter 


Short-Circuit Output Capacitance} 


=O, lc = 4mA, t = 200 Mz 
= TV, lc = 4m, f= 45M | 


Re(hi.) 


Reol Port of Small-Signal 


Common-Emitter Input Impedance 


= 10, lc = 4mA, f = 200 Miz 
= 10V, le = 4mA, f = 45 Mz 


+— 


Rely.) 


Real Part of Small-Signal 


Common-Emitter Input Admittonce 


= TOV, Ic = 4 mA, f = 200 MHz | 
Vez = 10V, Ic = 4 mA, f = 45 MHz 


Re(Yoo} 


t Ges: Cres? ond Coe: 


Real Part of Small-Signal 


Vee = 10, Ic = 4 mA, f = 200 MHz | 


Common-Emitter Output Admittance 


; are defined as the imaginary 


parts ef the small-signal, common-emitter, short-circuit admittances divided by 2 af. 


operating characteristics at 25°C free-air temperature 


U 


Vescc) 


$.46,,, is defined as the change in 6, 


4-526 


NF Spot Noise Figure 


Go. Signal Common-Emitter 


Gain-Contro! 
Base-Supply 
Voltage 


Vee = 109, 
f = 200 MHz 


Vor = wy, 


PARAMETER [test conomons a aay TYP_MAX [MIN San Te Ae max UN 


Veo = 


nneutrolized Small- 


‘ : Vee = 129, lo == 4.5 mA, : 
Insertion Power Gain = 500 2, R.'= 2500,  § = 45 Miz, 
See Figure 1 


Gp 


= 1500, 
See Figure 1 


= —30 aBt, 


from the value af Vgg = 2.1 ¥ ot 200 MHz or from the value at Vag = 


le = 3 mA, Re = 502, 


Ic = 3 mA, 


12V, Ves = 2.1 V, 


= 1k, f = 200 MHz, 


R= 1kO, 
See Figure 1 
R,’ = 500 0, , 
f = 45 MHz, 


12¥, 


2.6 V at 45 MHz. 
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TYPES TiSé4, TIS108 
N-P-N SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


1000 pF TO 50-Q 
FROM 50-0) e DETECTOR 
SOURCE 1000 pF 
TkQ 
AON 
+Vep Vee 
COMPONENTS FOR f = 45 MHz COMPONENTS FOR f = 200 MHz 
Cy: 36 pF C,: 18 pF 
C,: 47 pF C,: 270 pF 
L,: 8 T#20 enameled copper wire, U: 2 TH#20 enameled copper wire, 
close-wound on 4%" diameter form %" pitch, wound on X,!' diameter form 
L,: 10 T#20 enameled copper wire, L,: 2 T#14 enameled copper wire, 
close-wound on 4” diameter form 1" pitch, wound on %,” diameter form 


FIGURE 1 — POWER-GAIN AND GAIN-CONTROL-VOLTAGE TEST CIRCUIT 


TYPICAL CHARACTERISTICS 


TIS108 
RELATIVE SMALL-SIGNAL COMMON-EMITTER POWER GAIN 


vs 
GAIN-CONTROL BASE~SUPPLY VOLTAGE 


AGpe — Relative Power Gain $ — dB 


Vesioc) ~~ Gain-Controt Bose-Supply Voltage — V 
FIGURE 2 


NOTE 3: This parameter must be measured using pulse techniques, ty = 300 us, duty cycle < 2%. 
FAGpe Is defined as the change in Gog from the value at Vag = 2.1 V at 200 MHz or from the value at Vag = 2.6 V at 45 MHz. 
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TYPES AS12222, TIS109, TIS110, TIStt1 
N-P-N SILICON TRANSISTORS 


BULLETIN NO, DL-S 7311317, MAY 1970—REVISED MARCH 1973 


SILECTT TRANSISTORS? 
DESIGNED FOR HIGH-SPEED, MEDIUM-POWER SWITCHING 
AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 
featuring 
High fT .... 350 MHz typ at 10 V, 20 mA 


Low VCE(sat) - .. . 0.13 V typ at 150 mA 

High Maximum Ic... .800 mA 

AS12222 Electrically Similar to 2N2222, 2N3116, and 2N4952 
T1S109 Processing Includes Operational Aging at 300 mW for 24 Hours 
® TIS110 Electrically Similar to 2N4400 

e@ TIS111 Electrically Similar to 2N4401 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 

4 deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


o.018 
(NOTE A) 
| a F: 


0.200 0.160 
0.005 A. x o.910 


 — 0.017 oe DIA. 
0.185 0.500 MIN, es . 


3-COLLECTOR 
LEAD TEMPERATURE MEASUREMENT POINT 11/16" FROM CASE) 
NOTES: A. Lead diometer is not contratied in this area. 
B. ‘Leods having maximum diameter (0.019) sholl be within 0.007 of their true positions 
meatured in the gouging plane 0.054 belew the seating plane of the device relative to 
@ moximum-diameter package. 
€. All dimensions are in inches. 


£0,005 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


A5T2222 TiS110 
TIS109 TIS111 
Collector-Base Voltage 2... 2... eee 60V 60V 
Collector-Emitter Voltage (SeeNote1) . 2... .....0-000048 30 V 40V 
Emitter-Base Voltage 2... ee te 5V 6V 
Continuous Collector Current 2 2... et te -_— +800mA ——e 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2} <——— 625 mW ———e 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note3) . «—— 1.25Ww ——e» 
Storage Temperature Range 2. 2... . ke et ee +— -65°C to 150°C —e 
Lead Temperature 1/16 Inch from Case for 10 Seconds .....2~.~,..~2.~... — 260°C ——» 


NOTES: 1, These values apply between 0 and 10 mA collector current when the base-emitter diode is open-circulted. 
2, Derate linearly to 150°C free-air temperature at the rate of 5 mw/°C. 
3. Derate linearly to 150°C lead temperature at the rate of 10 mW/°C. Lead temperature is measured on the collector jead 1/16 inch 
from the case, 


t Trademark of Texas instruments 
U.S. Patent No, 3,439,238, USES CHIP N24 
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4-528 TEXAS IN STRUMENTS 


RPORAT 
POST OFFICE BOX 5012 +» DALLAS, TEXAS 75222 


TYPES AS12222, TISt098, TIST10, TISTMH 
N-P-N SILICON TRANSISTORS 


A5T2222, TIS109 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


| MIN MAX | 
fig=10uA, le=0 | OCT 
I¢=10mA, Ip =O, SeeNote4 [| 30. | 30 | 
fie=t0onA, Ic-o sd] SC 
Vop*20V, le =0 eee 
Vog=50V, le =0 ae) Pa 
Veg =50V. le <0, Tastorc [38 
[tego Emitter Cutoff Gurrent__——|Vew= SV. Ic 0 a 
Voge = 10V, ic = 100 4A ee ee 
VoE=10V, igs 1 mA ae eee 
es 
hee Static Forward Current Transfer Ratio Sone 100 300 


Vce=1V, Ic= 150mMA 


Ig=15mA, Io = 150 mA 
Vee Base-Emitter Voltage aan En See Note 4 


Vv Wector-Emi ti 
CE(sat) Col r-Emitter Saturation Voitage 1g = 60 mA, Ic = 500 mA 


Small-Signal Common-Emitter 
Vce= ? = A, f= MH: 
Intel Forwerd Current Transfer Ratio See lev. ser aom ees 


Fa Tremition Frequency —_—=+(WGESTOV, Ig=20mA, SeeNows | 260 | | 
Pee Seer pareve im [| ole 
Sg cd 
weet es Peron cme |e] ale 


NOTES: 4. These parameters must be messured using pulse techniques. ty = 300 ys, duty cycle < 2%. 
5. To obtein fy, the |hyel response with frequency is extrapolated at the rate of —6 dB per octave from f= 100 MHz to the 


frequency at which Ingel =1, 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONST 
ay pate Time TGS OV = 160mA, tary TMA, | 


VBE (otf) = —0.5 V, 
Voc = 30V 


Ip(2) = —15 mA, 
T Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


a 
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T EXAS, INSTRUMENTS 4-629 


NCORPORATED 
POBT OFFICE BOX 5012 + DALLAS, TEXAS 75222 


TYPES A512222, TIS109, TIS110, TIST! 
N-P-N SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 
+9.9V ene 
+30V | | 
200 2 er INPUT 
ei tye 
199 <a aa 
' 


6 
INPUT 10% 


4 90% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1—DELAY AND RISE TIMES 


+16.2 Veen 
INPUT 
-13.8V 


ts he 
t 


OUTPUT 


fee 


i 


10% 
OUTPUT 
90% 


ar 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 2—STORAGE AND FALL TIMES 


NOTES: a. The input waveforms have the following characteristics: for figure 1, tp < 2 ns, ty < 200 ns, duty cycle < 2%; for figure 2, 
te SB ns, ty = 100 ys, duty cycle < 17%. 
b. All waveforms are monitored on an oscilloscope with the following characteristics: try < 5 ns, Rijn + 100 kN, Ci, < 12 pF. 


TIS109 OPERATIONAL AGING 


All T1S109 transistors are aged for a minimum of 24 hours 35V 
in the circuit shown at the right. Total device dissipation is 

approximately 300 mW. All static characteristics are tested 

prior to and after aging. Dynamic characteristics are tested 

as necessary to guarantee the specified limits after aging. 


NOMINAL CONDITIONS 


Voge = 20V Adjust R14 for 15 V 
Ie =-15mMmA at point A to ground. 0.5 W 
Ty = 25°C ii I: 1 
t 
4-530 TEXAS INSTRUMENTS 
INCORPORATED 


POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 
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TYPES A512222, TISI09, TIS110, TIStH 
N-P-N SILICON TRANSISTORS 


TIS110, TIS111 


electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


ig= 100A, T= 0 
Ig=10mA, Ip=0 
ig=10uA, I= 
Vge=35V, Vee =—04V 
Voe= 35, Vac =—04V 


VcE*=1V. Ic =100pHA 


VcE=1V, Io =150mMA | See Note 4 

Vee =2V, ig = 500™mA 20 
. ig=15mA, Ic = 150mA 0.75 

Vv Base-Emitter Volt. See Note 4 

BE jase-Emitter Voltage ig = 50 mA, Ig = 500 mA ee Note 


Ip=15mA, Ic =150mA 
VeE{sat)  Collector-Emitter Saturation Voltage is =50 ee : =500 mA 


Small-Signal Common-Emitter 
Input Impedance 


ie 
h Small-Signal Common-Emitter 
fe Forward Current Transfer Ratio 
h Small-Signal Common-Emitter 
re Reverse Voltage Transfer Ratio 
hoe 


[__tissso__| _riss41 


UNIT 


hee Static Forward Current Transfer Ratio 


8 
a| |8 


s 
a 


° 
© 
a 
S 
~ 
a 
° 
© 
a 


0.5 


~ 
a 


h 
Voce = 10V, 


> 
So 


Io = 1mA, ax 


10-4 


= 
521 8 
ax 


Small-Signal Common-Emitter 

Output Admittance 

Ihtel Small-Signal Common-Emitter 
Forward Current Transfer Ratio 


Vep=5V, 16 =9, f= 1MHz, 
il -B i 
Cob Collector-Base Capacitance See Note 6 
Vep=0.8V, Iic=9, f= 1MHz, 
Cob Emitter-Base Capacitance Se 6 7 


NOTES: 4. These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
5. To obtain fy, the |ngel response with frequency is extrapolated at the rate of —6 dB per octave from f = 100 MHz to the 


VcE=10V, I¢=20mA, f= 100 MHz 


frequency at which ibtel =1. 
6. Cob and Cap measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or collector, respectively) is connected to the guard terminal of the bridge. 


ere TST 
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TEXAS INSTRUMENTS 4-531 
INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES AS12222, TIS109, TIS110, TIS 
N-P-N SILICON TRANSISTORS 


SS a SS SSUES 
TIS110, TIS111 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONSt 


Vec = 30V, Ig = 150 mA, 1g(4) = 15 mA, | 15] ns | 
| tr RiseTime VBE(off) "-2V, See Figure 3 r_20] na] 
Vcc = 30V, Ig = 150 mA, 15(1) = 15 mA, 
|e FaliTime Ip(2) = —15 mA, See Figure 4 


tvVoitage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 


HBV one 
+30V 
INPUT 
4 2002 = -2V : 
i 
OUTPUT aa ral 
1k2 tp 
INPUT ' 
' 
' OUTPUT 
] 
= 90% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 3-DELAY AND RISE TIMES 


+16 V--- 

+30V | | INPUT 
200 2 —14V 

OUTPUT 
INPUT 


10% 
OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 4—STORAGE AND FALL TIMES 
NOTES: a, The input waveforms have the following characteristics: for figure 3, tr < 2 ns, tw < 10 ps, 


t¢ © Sans, ty * 10 ys, duty cycle < 2%. 
b. All waveforms are monitored on an oscilloscope with the following characteristics: t, <5 ns, Rj, + 100 kQ, Cin < 12 pF. | 


duty cycle < 2%; for figure 4, 


PRINTED IN U.S.A. 570 
Ti connet assume any responsibility fer any circuits shown 
4-532 TEXAS INST RUMENTS of represent thot they are free from potent infringement. 
INCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
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TYPES A57T2907, A5T3644, A5T3645, TISTI2 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311318, MARCH 1970--REVISED MARCH 1973 


SILECTT TRANSISTORS? 
DESIGNED FOR HIGH-SPEED, MEDIUM-POWER SWITCHING 
AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 


e AST2907, A5T3644, and A5T3645 Electrically Similar to 2N2907, 2N3644, and 2N3645 
@ 1112 Processing Includes Operational Aging at 300 mW for 24 Hours 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


LEAD TEMPERATURE MEASUREMENT POINT 1/16 FROM CASE. 


NOTES: A. Lead diometer is not controlled in this oreo 
8. Leods having maximum diameter ‘0.019 shall be within 0.007 of their true petitions 
menrured in Yhe gaging plone 0.054 belew the secting plone of the device relative to 
© maximum-diometer pocke ge. 
C. All dimensions ore in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


AST2907 
TISi12 AST3644 A5T3645 
Collector-Base Voltage . . . Sk Bie Sas, Boe een Ree. —60V —-45V -60V 
Collector-Emitter Voltage (See Note 1) Slt ue eat ON ace cae Seah one: OR Sg -E -40V —-45V —-60V 
Emitter-Base Voltage .. . ee ee ae Tie? we eases Bae eee ~5V -5V -5V 
Continuous Collector Current 2. 6 6 ee ee te a————— —600 mA ———> 


Continuous Device Dissipation at (or below) 25°C Free-Air Tenigeratuine (See Note 2) o—_ 625 mW —— 
Continuous Device Dissipation at (or below) 25°C Case and Lead Temperature 


(SeeNote3) . 2... 2... eee Co ee ee ee ee Oe LE 
Storage Temperature Range . . Ce ee ee ee) Ke — 65°C to 150°C ——> 
Lead Temperature 1/16 Inch from Case tor 10 Seconds. ee ee a 260°C ——_—_e 


NOTES: 1. This value applies between 0 and 600 mA cotlector current when the base-emitter diode is open-circuited. 
2. Derate tinearly to 150°C free-air temperature at the rate of 5 mw/c. 
3. This cating applies with the entire case (including the leads) maintained at 25°C. Derate finearly to 150°C case-and-iead 
temperature at the rate of 12.8 mw/c. 
ttrademark of Texas Instruments 
tu. S. Patent No. 3,439,238 


USES CHIP P20 
a 


TEXAS INSTRUMENTS 4-533 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS. TEXAS 75222 


TYPES A5T2907, TISTI2 
P-N-P SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


ViBRICBO Collector-Base Breakdown Voltage ic=-10y"A, If¥O 
ViBR)CEO Collector-Emitter Breakdown Voltage ic=-10mA, 1g =0, See Note 4 40 
ViBR)EBO Emitter-Base Breakdown Voltage le =-10nA, Ic=0 


B=-50V, ie «0 
1 f 
CBO Collector Cutoff Current Vep~—50V, lE=0, Ta = 128°C 


IcEV Collector Cutoff Current VcE=-~-30V, Vee =0.5V a: 
BEV Base Cutoff Current =0.5V | OT 


< 
[2) 


< 
i?) 
m 
a 
i 
8 
< 
< 
a 
m 


< 
9 
m 
8 
L 
° 
< 


» Ie=—-100 pA 


hee Static Forward Current Transfer Ratio 7 !o=—-10mA 
1 Ic=~-150mA} See Note 4 100 300 
"Ig = = 800 mA ol 
p= =15mA,I¢==180 mA as 
Vv -Emitter V 
sola hase oe B= —BOmA, Ic = —B00 mA [a 


T=ISmA,_I¢=—160 mA 
VCE\(sat) Collector-Emitter Saturation Voltage 8 m c Ls 


B2-50mA, Ic =—500mA 


Sle|5 
mim jm 
Hy ay a 
LJujl 
=alolo 
o/olo 
<|<i< 


n 
® 
J 
zg 
8 
a 


Smail-Signal Common-Emitter 
h Vc—E=—-10V, i¢=—-30mA, f= 100 MHz 
tel Forward Current Transfer Ratio cE c 


Common-Base Open-Circuit 
Cc, Vep=—-10V, Ie =0, f=1MH 
‘obo Output Capacitance oF . : | tf | 


Cc | Circuit 
ommon. chee Open-Circui Vep=-2V, Ic=0, f= 1MHz 
Input Capacitance 


NOTE 4: These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 


switching characteristics at 25°C free-air temperature 


PARAMETER 


Detay Ti 
ge ene ee ei cape sce 
fe Re Time di Maal 


loff Turn-Off Time 


t Voltage and current values shown are nominal; exact vatues vary siightly with transistor parameters. 


TEST CONDITIONST 


IG =—150 MA, 1g(4) =—-13. mA, 1g(2) = 17 mA, 
Ry = 372, See Figure 2 


LL SS SS SSS TSS SS Pres TESS 


4-534 T EXAS INSTRUMENTS 


NCORPORATED 
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TYPES A5T2907, TIST2 
P-N-P SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


-30V 


ov 
200 2 


INPUT 
~16V —— 
OUTPUT | 


1kQ 
INPUT 
502 
TEST CIRCUIT 


(See Notes A and B) 
VOLTAGE WAVEFORMS 
FIGURE 1~A5T2907 and TIS112 


| 
—el t, 
OUTPUT l 


—_ te — 
! 
90% | 
| OUTPUT 
10% 


(See Notes A and B} 
VOLTAGE WAVEFORMS 
FIGURE 2-A5T2907 and TIS112 
NOTES: A. The input waveforms are supplied by a generator with the following characteristics: Zour = 50 &, ty 
PRR = 160 pps. 


INPUT 


TEST CIRCUIT 


<2 ns, te < 2 ns, ty = 200 ns, 
B. Waveforms are monitored on an oscilioscope with the following characteristics: ty < 5 ns, Rig = 10 M&2, Cin © 12 PF. 


TIS112 OPERATIONAL AGING 


“All TIS112 transistors are aged for a minimum of 24 hours in the circuit shown below. Total device dissipation is 
approximately 300 mW, All static characteristics are tested prior to and after aging. Dynamic characteristics are tested 
as necessary to guarantee the specified limits after aging. 


Adjust R, for —10 V 


NOMINAL CONDITIONS 
at point A to ground. 


Vee = -30V 
1k2 'e* 10 mA 
14W Ty 7 25°C : 
373 PRINTED IN U.S.A. 
3 TL cannot assume any esponsibility for any circuits shown 
or sepresent that they are free from potent infringement. TEXAS INST RUMENTS 
INCORPORATED 
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4-535 
POST OFFICE BOX S012 «¢ DALLAS, TEXAS 75222 


TYPE TIS125 
N-P-N SILICON TRANSISTOR 


BULLETIN NO. DL-8 7211738, MAY 1972 


HIGH-FREQUENCY SILECTT TRANSISTORS? 
DESIGNED FOR COMMON-BASE VHF APPLICATIONS 


@ Low Feedback Capacitance, Cog 
© Specified Forward-AGC Characteristics 
Rugged, One-Piece Construction with Standard TO-18 100-mil Pin Circle 


mechanical data 
This transistor Is encapsulated in a plastic compound specifically designed for this purpose, using a highly mechanized 
process developed by Texas Instruments. The case will withstand soldering temperatures without deformation. This 
device exhibits stable characteristics under high-humidity conditions and is capable of meeting MIL-STD-202C, 
Method 106B. The transistor is insensitive to light. 


0.015 
ANOTE A) 


+ 


Tyr a 
aon it~ 


+ 0.002 
0.017 “9.991, OIA. 
2 veaps 
a oe 7 
0.500 MIN r 3. Couscron 


20.005 
NOTES: A. Lead diameter is not controlied in this area. 
6. Leads having maximum diameter (0.019) shall be within 0.007 of their true 
Positions measured in the gaging piane 0.054 below the seating piane of the 


device relative to a maximum-diameter package. 
. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage 6g 6 ww we et ee ee ee 40M 
Collector-Emitter Voltage (See Note 1) 2. 2 2 2 2. ek ee ee eee ee es DOV 
Emitter-Base Voltage 6 6. 6 ww te ee ee eee 6AM 
Continuous Collector Current 2. 6 2 1 ww ee ee ee te et ee ewe) 6SOMA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) ..... 2... =. 250mW 
Storage Temperature Range 6 ww we —65°C to 150°C 
Lead Temperature 1/16 Inch from Case for 10Seconds . 2... 1. ee ee ee ee) 260°C 


electrical characteristics at 25°C free-air temperature (untess otherwise noted) 


PARAMETER TEST CONDITIONS 
ViBR)CBO Collector-Base Breakdown Voltage lc=10uA, ig =0 
ViBR)CEO Collector-Emitter Breakdown Voltage ic=10mA, igp=0, See Note 3 


P30 

ae 

[Teeo Emitter Cutort Current SSSCSCSCSCS*d Vie AV, tg tT 
= Po 

F080 

| 93 | 


[win MAX ORI 


Vep=10V, le=0 | nA | 

t Cot! itoff Ci t 

cBo lector Cutoff Curren Vep=10V, Ie=0, Ta = 85°C Poa] 
hee Static Forward Current Transfer Ratio VcE=10V, Ic=4mA ee 4 
Vp Base-Emitter Voltage \Vce=10V, Ic=4mA 


Small-Signal Common-Emitter Forward Current Transfer Ratio Vc E =10V, I¢=4mA, f= 100 MHz 


VCE = 10V, Ip =0, f= 1 MHz, 
Coe Cotlector-Emitter Capacitance 
See Note 4 


iia 
NOTES: 1. This vaiue applies when the base-emitter diode Is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 2 mW/°C. 
3. This parameter must be measured using pulse techniques. tw = 300 us, duty cycle < 2%. 
4. Cog Measurement employs a three-terminal capacitance bridge incorporating s guard circuit. The base is connected to the 
guard termine! of the bridge. 
tT Trademark of Texas Instruments 
$U.S. Patent No. 3,439,238 USES CHIP N26 
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4-536 TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 8012 © GALLAS, TEXAS 75222 


TYPE TIS125 
N-P-N SILICON TRANSISTOR 


operating characteristics at 26°C free-air temperature 


[___TESTCONDITIONS MIN MAX]UNIT | 
Vec* 10V, I¢=3mA, Ag= 602, ae | 
F 
Spey Nome Rais {= 200 MHz, See Figure 1 
Gpp Unneutratized Small-Signal Common-Base Insertion Power Gain iad che io snh tea i723 | a | 
Veco= 10V, f= 200 MHz, 
I 
iC Collector Current for 30-dB Gain Reduction AGpp = -30 08", See Figure 1 


TAGpp le defined as the change In Gpp from the value at ic = 3mA, 


PARAMETER MEASUREMENT INFORMATION 
1000 pF Tut 


‘on O—) 


SOURCE 


1000 pF 
1000 pF ay | 
co” 


VEE Vv 
(Adjust for Ic) 
L1: 6T #16, % Inch ID, tapped 3/4 turn from end nearer Vcc. 


FIGURE 1-200 MHz POWER GAIN, NOISE FIGURE, AND GAIN CONTROL TEST CIRCUIT 


TYPICAL CHARACTERISTICS — 


SMALL-SIGNAL COMMON-BASE 
INSERTION POWER GAIN 
vs 


COLLECTOR CURRENT 


Vcc =10V 
f = 200 MHz 
Ta=25°C 


Gpb—Common-Base Power Gain—dB 


Ic—Collector Current—mA 


FIGURE 2 
373 PRINTED IN U.S.A. 
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TYPE TIS126 
N-P-N SILICON TRANSISTOR 


BULLETIN NO. DL-S 7311992, MARCH 1973 


HIGH-FREQUENCY SILECTTt TRANSISTORi 
FOR USE IN VHF MIXERS AND NON-AGC IF AMPLIFIERS 


e High fT... 600 MHz Min 
© Specified ft vs I¢ Characteristic 
© Low Cop... 0.36 pF Max 


@ Rugged, One-Piece Construction with Standard 
TO-18 100-Mil Pin Circle 


mechanical data 


This transistor is encapsulated in a plastic compound specifically designed for this purpose, using a highly mechanized 
process developed by Texas instruments. The case will withstand soldering temperatures without deformation. This 


device exhibits stable characteristics under high-humidity conditions and is capabie of meeting MIL-STD-202C, Method 
106B. The transistor is insensitive to light. 


Feedback capacitance is minimized by placing the emitter terminal between the base and collector terminals, thus 
Optimizing compatibility with advanced high-frequency design. 


ee) 


NOTES: A. Lead diameter is not controlled in thie area, 
8. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions 
measured in the gaging plane 0.054 below the seating plane of the device relative to 
a maximum-diameter package, 
- All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . . BG, oh ater aren Bb eds py er er ee a eae ee ae ee ARV 
Collector-Emitter Voltage (See Note 1) Sait din) ot Oh cu eay ts Ow A a a OS, Rea A ae a we EON. 
Emitter-Base Voltage iit SS Ree ey ae 4 GIS ee fe 90s OW ce eae on. Ge Bes a, as CY 
Continuous Collector Current . . . ike see ee ew ww ws) SOMA 
Continuous Device Dissipation at (or below) 25° Cc Free-Air Tanparetire (See Note 2) soe ee we ew ww 6 400 mW 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note3) .....2.. - . 700 mW 
Storage Temperature Range... 1... 1... SE ess 8 ke esd ee eg 65° C to 150°C 
Lead Temperature 1/16 Inch from ‘Case for10Seconds . 2. 2... ee ee ee ew e) 260°C 


NOTES: 1, This value applies when the base-emitter diode Is open-circulted. 


2. Derate IInearly to 150°C free-air temperature at the rate of 3.2 mW/°C. 


3. Derate linearly to 150°C lead temperature at the rate of 5.6 mW/°C. Lead tempersture is measured on the collector lead 
1/16 inch from the case. 


trademark of Texas Instruments 
U.S. Patent No. 3,439,238 


USES CHIP N29 


hn 
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TYPE TIS126 
N-P-N SILICON TRANSISTOR 


ic=tmA, _Ip=0,_____ Sea Nowe 

ig= 10H, 1¢=0 a 

Veg=30V,_le=0 80 aa] 

hee Static Forward Current Transfer Ratio Wce=15V, _ic=10mA,  SeeNow4 | 25 || 

VCElsat) _ Collector-Emitter Saturation Voltage Ig=3mA, Ic=30mA, See Note 4 CBT VC 
‘Small-Signal Common-Emitter 

Prel Forward Current Transfer Ratio Vee = 15V, =a iubieanis: Ps [| 


f Vee = 15 V. = | = 
{1(2) Ratio of Transition Frequencies ce= 18V. lo(ay = 18 MA, Ie(2) Poin: 0.65 
#T(1) See Note 5 


lc 5 
Voep = 10V. je = 0, = 1 MHz, 
Cob Cotlector-Base Capacitance cp= 10 Ene r Z [oF | 
E = 


See Note 6 
Vep = 15 V, 
NOTES: 4. These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle & 2%. 


5. To obtain fz, the [hga| response is extrapolated at the rate of —6 dB per octave from f = 100 MHz to the frequency at which 
Prel=1- 


tbh'Ce Collector-Base Time Constant 


6. Cob measurement employs a thr 
quard terminal of the bridge. 


operating characteristics at 25°C free-air temperature 
PARAMETER 


ee-terminal capacitance bridge incorporating 8 guard circuit. The emitter is connected to the 


: 


; Vee = 15, Ic =4mA, Rg = 502, 
ot Noise Fi 
aaimeeans 4 = 200 MHz 
Gpe(conv) Small-Signal Conversion Power Gain Vec = 15 V, I¢ = 10mA, FLO = 245 MHz, 
ipe(conv) L 


Bandwidth 

Smail-Signal Common-Emitter 
tnsertion Power Gain 
Bandwidth 


tre = 200 MHz, See Figure 3 


Gpe Vec=15V.  Ig=10mA, f= 45 MHz, 


See Figure 4 


TYPICAL CHARACTERISTICS 
SMALL-SIGNAL COMMON-EMITTER 


SMALL-SIGNAL CONVERSION POWER GAIN INSERTION POWER GAIN 
vs vs 
COLLECTOR CURRENT COLLECTOR CURRENT 


fea] 

ne] 

| 

£ 

oS 

oO 

5 © 
s q 

c oO 
a} oO 

£ S 

Z g 
S aT 

a & 

é e) 

g fre = 200 MHz #= 45 MHz 
oO Ta = 25°C Ta = 25°C 

See Figure 3 See Figure 4 
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 18 20 
{c—Collector Current—mA Ic—Collector Current—mA 
FIGURE 1 FIGURE 2 
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TEXAS INSTRUMENTS 4-539 
INCORPORATED 


POST OFFICE GOX $012 « DALLAS. TEXAS 75222 


TYPE TIS126 
N-P-N SILICON TRANSISTOR 


PARAMETER MEASUREMENT INFORMATION 
VeB Vec 


45-MHz 

(F OUTPUT 
TO 50-2 
LOAD 


INPUT FROM 50-2 
SWEEP GENERATOR 
fe = 200 MHz 


100-mV, 245-MHz 
LOCAL OSCILLATOR 
INPUT FROM 50-2 
SOURCE 


CIRCUIT COMPONENT INFORMATION 


C1: Lesdiess disc ceramic, 0.001 pF 
L1: 8T #26 close wound, 3/32-Inch 1D, air core 
4 L2: 7T #30 wound on coil form 7/32-inch 10, aluminum core 5/16-inch long 
T1: Primary: 20T #30 close wound 
Secondary: 4T #30 cfose wound and centered on primary 


7/32-inch-1D paper form, ferrite core 
FIGURE 3—200-MHz-to-45-MHz CIRCUIT FOR CONVERSION POWER GAIN 


Ves Vec 


FROM 50-2 
SOURCE 
CIRCUIT COMPONENT INFORMATION 
C1, C2: Leadiess disc ceramic, 0.001 uF 
C3: Arco 427 (or equivalent), 55-300 pF 
T1: Primary: ST #26 double spaced 
Secondary: 2T #26 double spaced 
Core: Ferrite torroid, 5/16-inch OD, 5/32-inch ID 
FIGURE 4—45-MHz POWER GAIN TEST CIRCUIT 
PRINTED IN U.S.A. 373 
TH cannot assume ony responsibility for ony circuits shown 
4-549 TEXAS INST RUM ENTS or represent that they are free from patent infringement. 
INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 78222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
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373 


TYPE TIS128 
P-N-P SILICON TRANSISTOR 


BULLETIN NO. DL-S 7312005, MARCH 1973 


SILECTt VHF/UHF TRANSISTOR? 


eS 


: WITH FORWARD-AGC CHARACTERISTICS 
DESIGNED FOR COMMON-BASE AMPLIFIER APPLICATIONS 


© LowCgg... 0.3 pF Max 
@ Low Noise at 850 MHz .. . 6.5 dB Max 
¢ High Power Gain at 850 MHz .. . 10 dB Min 


mechanical data 


This transistor is encapsulated in a plastic compound specifically designed for this purpose, using a highly mechanized 
process developed by Texas Instruments. The case will withstand soldering temperatures without deformation. This 
device exhibits stable characteristics under high-humidity conditions and is capable of meeting MIL-STD-202C, Method 
106B. The transistor is insensitive to light. 


t Sl 


0.185. 
= 0.005 


Lead diameter is not controlled in this area. 

B. Leads having maximum diameter (0.019) shalt be within 0.007 of their true positions measured 
in the gaging plane 0.054 below the seating plane of the device relative to a maximum- 
diameter package. 

. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage ....-: -60 V 
Collector-Emitter Voltage (See Note 1) —-45V 
Emitter-Base Voltage ot -4V 
Continuous Collector Current 2. 6 6 ee et ne -30 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2}) . 2 6. 1 ee 250 mW 
Storage Temperature Range. —65°C to 160°C 
Lead Temperature 1/16 Inch from Case for 10Seconds © © 2 260°C 


electrical characteristics at 25°C free-air temperature 


Ig=—1mA, Ig =0, 


IcBo Collector Cutoff Current Vcop *—25V, Ip =0 
lepo _ Emitter Cutoff Current [Vep=—4V, ico 


hFE Static Forward Current Transfer Ratio 


Small-Signal Common-Emitter 
=-10V, lo=— t= MH 
Pfe| Forward Current Transfer Ratio Vce 2 Crees oN 


VoE=—-10V, Ip =O f= 1 MHz, 


Collector-Emitter Capacitance 
See Note 4 
“NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 2 mw/c. 
3. This parameter must be measured using pulse techniques, ty, = 300 ys, duty cycle < 2%. 
4. Cog measurement employs a three-terminal capacitance bridge incorporating a guard circult. The base ls connected to the guard 
terminal of the bridge. 
tT Trademark of Texas Instruments 
tu.s. Patent No. 3,439,238 
USES CHIP P26 
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TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


TYPE TIS128 
P-N-P SILICON TRANSISTOR 


ee 


operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS [MIN MAX ]UNIT 


Vec=~10V, i¢=-2mA, Rg =502, 


f=850MHz, See Figure 1 


Gpp —_ Unneutralized Small-Signal Common-Base Insertion Power Gain | Voc =-—10V, I¢ = —2 mA, f= 850 MHz, | 10 | a | 
es Cre 


B Bandwidth See Figure 1 
; Vec = ~10V, f= 850 MHz, 
Ic Collector Current for 30-dB Gain Reduction AGpp = -30 aat See Figure 1 


PARAMETER MEASUREMENT INFORMATION 


0.68 pF 


LU 


Vec 


CIRCUIT COMPONENT INFORMATION 
L?: Silver-plated brass 1/32” th ick, 1/2” wide, 1” iong 
C1: 0.8-10 pF Johansen #4642, or equivalent 


‘FIGURE 1~850-MHz POWER GAIN, NOISE FIGURE, AND GAIN-CONTROL TEST CIRCUIT 
TYPICAL CHARACTERISTICS 


SMALL-SIGNAL COMMON-EMITTER SMALL-SIGNAL COMMON-BASE 
FORWARD CURRENT TRANSFER RATIO INSERTION POWER GAIN 
VS VS 
‘ COLLECTOR CURRENT COLLECTOR CURRENT 
= 10 
- 9 
$ Pe 
5 8 ? 
£ = 
ge ? & 
o - 
5 6 
8 é 
ES g 
5 4 8 
ic 5 
z 3 E 
2 9 a 
® 2 9 Vec = -~10V 
= 2 f = 850 MHz 
G& 1 5 Ta = 25°C 
4 See Figure 1 
£ 0 
-1 o -1 -2 -3 4 5 
Ic—Collector Current—mA I¢—Cotlector Current—mA 
FIGURE 2 FIGURE 3 
PRINTED IN U.S.A. 373 
Tt cannot assume ony responsibility for any circuits shown 
4.542 TEXAS INST RUMENTS of fepresent that they are free from patent infringement. 
INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 78222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
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TYPE TIS129 
N-P-N SILICON TRANSISTOR 


BULLETIN NO. OL-S 7312007, JUNE 1973 


SILECTt VHF/UHF TRANSISTORt 
DESIGNED FOR COMMON-BASE OSCILLATOR AND AMPLIFIER APPLICATIONS 


@ LowCce... 0.3 pF Max e Specified ft Ratio 
e High fr... 800 MHz Min e Lowrp’Cc....9 ps Max 
mechanical data 


This transistor is encapsulated in a plastic compound specifically designed for this purpose, using a highly mechanized 
process developed by Texas Instruments. The case will withstand soldering temperatures without deformation. This 
device exhibits stable characteristics under high-humidity conditions and is capable of meeting MIL-STD-202C, Method 
106B. The transistor is insensitive to light. 


+0.002 
0.017 * o 991 DIA. 


3 LEADS 
3- COLLECTOR 


Lead diameter is not controiied in this area. 

. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions measured 
in the gaging plane 0.054 below the seating plane of the device relative to a maximum- 
diameter package. 

. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage feos ay Lg ve, tte Oh aie Bde Baa tna ts oh SE Rie EO Be HE ie ARON 
Collector-Emitter Voltage (See Note 1) 2 6 6 ee 25V 
Emitter-Base Voltage 6 6 6 ee ee te ER es 4V 
Continuous Collector Current 2. 2 6 6 et 30 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note2) ..--.- +--+ - 250 mW 
Storage Temperature Range. —65°C to 150°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds . . 2... ee ee ee 260°C 
electrical characteristics at 25°C free-air temperature 


FVipnjSno ColectorGese Grekdown Vonage [ig=100eA, eno 
Fee collectorEmiter Brekdown Voltage [ic=1mA, lge0, SeNows | 25 | 
VeriEney EmitterBave Breakdown Volta [les 100A, iceO | 
Han olen GnonGommt Vege ev, eee | a 
eo —— sic Forward Curent Tramwfer Ratio [Ves 10V. tcw4ma | 


[8 
a ae 
Se a Oe 
oe Ratio of Transition Frequencies Herpes aie Bay ane fos | 
ee eB 
P| os 


Th'Ce Coliector-Base Time Constant Veg=10V, Ile=-10mA, f= 79.8 MHz 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 2 mw/c. 
3. This parameter must be measured using pulse techniques. ty, = 300 ys, duty cycle < 2%. 
4. To obtain f+, the tel response is extrapolated at the rate of —6 dB per octave from ¢ = 400 MHz to the frequency at which 
=1. 
&. ee a Cog Measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or base, respectively) is connected to the guard terminal of the bridge. 
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TYPE TIS129 
N-P-N SILICON TRANSISTOR 


operating characteristics at 25°C free-air temperature 


[ranaweren TEST CONDITIONS ne MAX | Ven 
U I “B 
Gob nneutratized Smatl-Signal Common-Base Vec*10V, ic¢=10mA, f= 860 MHz, 
Insertion Power Gain See Figure 1 
5 marae = SL Coe 


PARAMETER MEASUREMENT INFORMATION 
0.68 pF 


FROM 
50-2 
SOURCE = 
Ee 
CIRCUIT COMPONENT INFORMATION 
L1: Sitver-piated brass 1/32” thick, 1/2" wide, 1" long 
C1: 0.8-10 pF Johansen #4642, or equivalent 


FIGURE 1~850-MHz POWER-GAIN TEST CIRCUIT 
TYPICAL CHARACTERISTICS 
TRANSITION FREQUENCY 


vs 
COLLECTOR CURRENT 


f7—Transition Frequency—GHz 


Voce" 10V 
Ta = 25°C 
See Note 4 


1 2 4 7 10 20 40 
Ic—Collector Current—-mA 


FIGURE 2 


NOTE 4: To obtain fy, the hte| response is extrapotated at the rate of —6 GB per octave from ¢ = 400 MHz to the frequency at which 
htel= 1. 
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TYPES TIS133 THRU TIS136 
N-P-N SILICON TRANSISTORS 


BULLETIN NO. DL-S 7311897, FEBRUARY 1973 


SILECTt TRANSISTORS# 
FAST, HIGH-VOLTAGE, HIGH-CURRENT CORE DRIVERS 
(Replacements for TIS113 thru TIS116) 


e TIS133 Electrically Similar to 2N3724 
e T!S135 Electrically Similar to 2N3725 
e hfe Guaranteed from 10 mA to 1A 

© Guaranteed Switching Times at 500 mA 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 106B. The transistors are insensitive to light. 


+ 0,002 


0.017 5 99) DIA. 
3 LEADS 


3—COLLECTOR 


@ moximui 
C. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


TIS133 
TI$134 TIS135 TIS136 

Collector-Base Voltage 2 6 6 ee et 50 V 80 V 80V 
Collector-Emitter Voltage (See Note?) 2 6 ee et es 30V 50V 40V 
Emitter-Base Voltage 6 ww ee ee 6V 6V 6V 
Continuous Collector Current 2. 6 2 ee te ee ee et -_———— 05 A————————— 
Peak Collector Current (See Note2) 6 6 ee ee et ———————_ 1.2 A ——_—— 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature 

(SeeNote3) . 2. et ee ————————._ 0.7 W —_——_—————— 
Continuous Device Dissipation at (or below) 25°C Lead Temperature 

(SeeNote4) 6. ————————_ 1.25 W —_———— 
Continuous Device Dissipation at (or below) 25°C Case-and-Lead 

Temperature (See Note5) 2. 6 6 es ————- 1.6 WW —_——————— 
Storage Temperature Range . . 2. 2 ee ee et oo eo «== 68°C to 160°C ————-_—»> 
Lead Temperature 1/16 Inch from Case for 10 Seconds 6. 6 6. 260°C —_—__—__—_—_-e 


NOTES: 1. These values apply when the base-emitter diode Is open-circulted. 
2, This vaiue applies for square-wave pulses. tw S 300 ys, duty cycle < 2%. 
. Derate iinearly to 160°C free-air temperature at the rate of 6.6 mW/C, 
. Derate linearly to 180°C lead temperature at the rate of 10 mW/°C, Lead temperature is measured on the collector jead 1/16 inch 
from the case. 
. This rating appites with the entire case (including the jeads) maintained at 26°C. Derate linearly to 160°C case-and-iead 
temperature at the rate of 12.8 mW/°C. 


Po 


ol 


Tt Trademark of Texas Instruments USES CHIP N13 
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Texas INSTRUMENTS 4-545 


INCORPORATED 
PORT OFFICE BOX 8012 » DALLAS, TEXAS 75222 


TYPES TIS133 THRU TIS136 
N-P-N SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (untess otherwise noted) 


PARAMETER TEST CONDITIONS 


ViBRiCaO  Collector-Base Breakdown Voltage [ig=10yA,ie=0 so] 
Pic=10 mA, Ig=0, See Note 6 | 30 


BRICEO Collector-Emitter Breakdown Voltage | Ic = 10 mA, Ip =0 Nowe 6 [3080 
yIBRICES  Potector Emitter Breskdown Voge [ic =TOwh, Vee =O 80 7 
IBRIEBQ_ Enter Base Breakdown Voltage" [Te = 0 uk, ie 0 tr 
RELA Cay ea fo RES 5 A MSE TRCN 
Collector Cutoff Current CCL aT 
BC) Se Pea BASEN! DSRNA 5 REE A 
Vog= @0V. 1g 20, a= ee [100 | 108) 
V 5OV. Va 
GES Collector Gutoft Current Pees 85V—vee 9°} a 
Base Current Voge = 60 V. Vege =0 ee i A] RR DT 
i a ae 


Ta = —55°C 


hee Static Forward Current Transfer Ratio 


i 
ib 


< 
i?) 
m 
n 
a 
a 
t 
a 31° 
x 
i 3 
: 
g 
zs 


CE=1V ic = 500 mA 
Ta = ~55°C 
TA a 3 —} 5 — a 
| Vce=5V, “ic=tA | “ ° : : 
ig=10mA,_ic¢= 100 mA 
p= 30mA,T¢= 300 mA pee ee in a 
NE. Bese eoninar Voltage BC BOOmA] eNews Fos oe oe tp oe] V 
B= 80 mA, Ic = 800 mA 5 ER F:) EF 
Ig =100mA, Ic=TA Es Fd | OT 
Ip=10mA,_i¢= 100 mA xD 2) Os eZ) 
mall-Signal Common-Emitter = c = 
Prel___Forward Curent Tranter Ratio VCE" OV. Ic=80mA, t= t00MHe | 25 (ams a al 
Common-Base Open-Circuit 3 z = 
7 eee vorrw tea tae | lr] 
' Common-Base Open-Circutt x = 
CSS a CC) mC 
NOTE 6: These parameters must be measured using pulse techniques. tw * 300 us, duty cycle < 2%. 
273 
4-546 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES TIS133 THRU TIS136 
N-P-N SILICON TRANSISTORS | 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS? 
[_ranameren | resrcomornionst eax | ma | Mak | 
| to | 10 | 


Vec=30V, te = 500 mA, 
Ipin)=80mA,  VaE(ott) = -2.8V, 
See Figure 1 

Voo=30V, i= 600mA, 
Pap Fal Time dan) = B0mA, gta) = OMA, 
tort Turn Time 


See Figure 1 
Tt Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 


+30 V 


TBE 
~ OUTPUT 
43 2 9.7V 
: INPUT 
1 uF : 
INPUT ha i | - tol 
—alty le > t, to! 
622 1, be —1 
Toe | 1 ¢70% 
I y OUTPUT 
= = 90% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1—SWITCHING TIMES 


NOTES: a. The Input waveforms are supplied by a generator with the following characteristics: Zouz = 50 2, ty < 1 ns, te <1 Ns, ty ~ 1 M8, 


duty cycle < 2%, 
b. The output waveforms are monitored on an oscilloscope with the following characteristics: ty < 1 ns, Rig > 100 k&2, Ci, < 7 pF. 
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TYPES TIS37, TIS38, TIS137, TIS138 
P-N-P SILICON TRANSISTORS 


BULLETIN NO. DOL-S 7311580, NOVEMBER 1971—REVISED MARCH 1973 


SILECTT TRANSISTORSt 
RECOMMENDED AS LOW-NOISE DESIGN REPLACEMENTS 
FOR GERMANIUM DRIFT TRANSISTORS IN: 


e@ AM Radio RF and IF Converter Applications 
e TV Video and AGC Amplifiers, Sync Amplifiers and Separators, and Emitter Followers 
mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C, Method 1068. The transistors are insensitive to light. 


TIS37, TIS38 


+0.005 
0.050 (NOTE A) 0.160 O05 


+0.005 
0.100 voto 


BASE 
0.1 


tow me ay 


Ms 0.050 = 0.005 2 veaps o.o17 + 3.907 


NOTES: A. Lead diameter is net controlled in this area, 
B. All dimensions ore in inches, 


ALL JEDEC 10-92 DIMENSIONS AND NOTES ARE APPLICABLE 


18137, TIS138 


0.050 TP, 


0.100 TP. 


0.200 
0.005 DIA. 


+0.002 
0.017 or DIA. 


3 LEADS 
3- COLLECTOR 


NOTES: A. Lead diameter it not controtled in this area, 
8. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions 
meawred in the gaging plane 0.054 below the seating plane of the device relotive to 
@ maximum-diemeter packoge. 
C. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (untess otherwise noted) 


TIS37 _ TIS38 

TIS137  TIS138 

Collector-Base Voltage | Y  -Y 
Collector-Emitter Voltage (SeeNote?) 2... ...2.2.0.20..0--008048; . 1. -B2V -32V 
Emitter-Base Voltage a oo ; YOO? OV] 


Continuous Collector Current sey oe Musa. ade) eta G88 cen care ty Seabee Sted 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). 
Storage'Temperature Range ... 2... 
Lead Temperature 1/16 Inch from Case for 10 Seconds . 


NOTES: 1, This value applies when the base-emitter diode is open-circuited. 


2. Derate linearly to 150°C free-air temperature at the rate of 5 mw/C, 
t Trademark of Texas instruments 


tU.S. Patent No, 3,439,238 


@— —50 mA—e 
— 625 mw — 
—65°C to 150°C 


+—-260°C——> 


USES CHIP P24 


LS DS SS Pees cnseses 
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TYPES T1S37, TIS38, TIS137, TIS138 
P-N-P SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature 


TIS37 TIS38 
PARAMETER TEST CONDITIONS T1S137 TIS138 UNIT | 
MIN TYP MAX|MIN TYP MAX 


ViBR)CBO Collector-Base Breakdown Voltage ic =—100 uA, Ip =0 3 
ViBR)CEO Collector-Emitter Breakdown Voltage | Ic = —1 mA, Ig = 0, SeeNote3 |-32. | 
y Pee 


(BR)EBO Emitter-Base Breakdown Voltage Ie =-100 nA, Ic = 9 


ICBO Collector Cutoff Current Vcp=—10V, le =0 [100] nA _| 


ie eevee cet ee 
Transfer Ratio i 
Sma Sina Commenter [Weg =V_lo=ima tame 
cl Forward Gurront Transfer Ratio 


| | Small-Signal Common-E mitter Vee =-9V, Ic=—1mA, f= 455 kH 
Vfe Forward Transfer Admittance CE” 7G" wes ¥ mee 
fr Transition Frequency Vce=—-9V, Ic =—1 mA, See Note 4 80 320 [50 200) 


Vege ov, 1-0, 7=1 MHz, 
Cob Collector-Base Capacitance cB 7 > los 14 w7fos 11 17 
See Note 5 


tp Co Collector-Base Time Constant Vep=-9V. le=1mA, f= 79.8 MHz 
operating characteristics at 25°C free-air temperature 


TIS37 
PARAMETER TEST CONDITIONS 718137 UNIT 
NF Spot Noise F igure ce 9 Cc mA, Rg = 75 2 Tas | 


TYPICAL CHARACTERISTICS AT Ta = 25°C 


TIS37, TIS137 TIS37, TIS137 
STATIC FORWARD CURRENT TRANSFER RATIO STATIC FORWARD CURRENT TRANSFER RATIO 
vs vs 
COLLECTOR CURRENT COLLECTOR-EMITTER VOLTAGE 


hfE—Static Forward Current Transfer Ratio 
hpE—Static Forward Current Transter Ratio 
gs 


40 
20 
0 
-0.1 -02 -0.4 -1 -2 —-4 -10 0 2 -4 -6 -8 -10 
Ic—Collector Current—-mA VceE—Collector-Emitter Voltage—V 
FIGURE 1 FIGURE 2 


NOTES: 3. This parameter must be measured using pulse techniques. ty = 300 us, duty cycle < 2%, 
4. To obtain fr, the fhe | response with frequency is extrapolated at the rate of —6 dB per octave from f = 10 MHz to the frequency 
atwhich h¢|= 1. 
5. Cob messurement employs a three-terminal capacitance bridge incorporating a guard circult. The emitter is connected to the guard 
terminal! of the bridge. 
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To complement your 
Transistor and Diode 
Data Book... 


The . 
power 
semiconductor 
data book 


for design engineers 


Complete data sheets — full specifications and technical design informa- 
tion on all products included... 816 pages in all. 


Covers everything in TI’s broad line — germanium and silicon power tran- 
sistors, SCR’s, triacs, and power function modules. In silicon power, TI’s 
extensive line includes high-voltage and low-voltage, high-safe-operating- 
area (SOA) designs, power Darlingtons, fast switching types, radiation- 
tolerant designs, JAN and JANTX, metal can and plastic packages. Plus 
details on the high-performance custom designs available through TI’s 
Technical Response Lab. 


Fast, easy to use — margin tabs, alphanumeric index to all products, cross- 
reference guides, product selection guides, glossary of terms and defini- 
tions, general applications information, and product reliability data. 


For a current list of TI Data books and prices, 
write to: 

Texas Instruments Incorporated 

P. O. Box 225012, M. S. 84 

Dallas, Téxas 75265 


Transistor Chip 
Characterization 


TRANSISTOR CHIP CHARACTERIZATION 


This section contains chip-characterization data for over fifty transistor-chip families. These data are applicable to all 
transistors types which have a chip reference in the lower right-hand corner of the first page of the data sheet. 


(Example: 


“USES CHIP N19” means that the types listed on that data sheet are made with chips of the N19 family.) Some 


data sheets do not have a chip reference. In general, these are either bar-type transistors (example: grown-junction devices) or 


chip-type 


transistors where the observed values of the characteristics of the Baile chips are not applicable because of highly 


selective screening or special diffusions. 


The characterization data are separated from the data sheets for several reasons: 


However, 


Redundant curves which would otherwise have to be repeated for many different types were eliminated. In this way 
one reference may apply to many type numbers. 


The amount of pertinent data for many type numbers is increased. Otherwise, each would have less characterization 
information because of space limitations. 


The user has more guidance in estimating whether to screen from off-the-shelf T! transistors for certain low-volume 
applications. 


The user now has adequate information about the distribution of transistor characteristic values to consider having 
TI do his screening for him on special order when the standard types do not quite fulfil the application needs. 
the following points should be kept in mind: 


The high and low observed values shown do not modify guaranteed limits for specific devices and, in the case of 
breakdown voltages, do not justify operation in excess of absolute maximum ratings. 


Measurement of characteristics at high power levels is applicabie only for devices rated for those power levels. 
Distribution of characteristic values for any particular lot of transistors is not guaranteed. 


The distributions and ranges of values are not fixed. (TI reserves the right to improve the products and modify the 
distributions without notice.) 


Some notes on the data follow: 


“LOW TYP HIGH’--The “TYP” column heading should require no explanation other than saying that it is typical 
for the chip family. However, the “LOW” and “HIGH” deserve some definition. These values represent the 
approximate extremes (excluding distribution “freaks’”’) observed in recent production history. These extremes may 
be purely distributional in nature ( a tailing off of the “normal” curve) or wholely intentional (limits imposed on 
the chip-selection or transistor-screening steps). 


Since most of the families are aggregations of several subfamilies (usually modifications of diffusion profiles) the 
range of extreme values shown might seem usually broad, 


References to the availability of the chips in certain packages apply only to types listed in this book; many other 
chip-package combinations are available on special order. 


For referencing to standard types using aach of these chips, see Transistor Selection Guides, Section 2. 


Chip-family classes are as follows: 


JN — Junction field-effect transistors, N-channel N — N-P-N multijunction transistors 

JP — Junction field-effect transistors, P-channel P — P-N-P multijunction transistors 
MN — Insulated-gate (MOS) field-effect transistors, N-channel U — Unijunction transistors (chip type only) and 
MP — Insulated-gate (MOS) field-effect transistors, P-channel programmable unijunction transistors 


CHIP TYPE JN51 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


e JN6&1 isa 17 X 17-mil, epitaxial, planar, expanded-contact chip 


e Available in TO-18, TO-71, TO-72, a short-can version of TO-78, 
and Silectt packages 


© For use in low-noise amplifier, mixer, switching, and chopper circuits 


electrical and operating characteristics at 25°C free-air temperature 


[OBSERVED VALUES, 
Tl 
PARAMETER CONDITIONS LOW TYP HIGH 


ViBAIGSS Gete-Source Breakdown Voltage | tg = —1 yA, Vps = 0 30° -75 -100) Vv | 
'gss Gate Reverse Current Vesg=-16V, Vps 2.0 ee) a 
Vasioft) _ Gate-Source Cutoff Voltage Vps = 15 V, Ip =0.5nA 0.35 -36 ~9 
Vas Gate-Source Voltage Vos = 18 V, Ip = 100 uA 0.25 -3 -8 
loss Zero-Gate-Voltage Drain Current | Vog = 16 V, Ves = 0, See Note 1 | 086 10 24[ mA | 


Small-Signal Common-Source 
| 2 ea me | 
Small-Signal Common-Source 
¢; Common-Source Short-Circuit 
sad Input Capacitance 


Ves = 9, f= 1 kHz 


Vos = 15 V, Ves = 0, f= 1MHz, 


c Common-Source Short-Circuit See Note 2 
tes Reverse Transfer Capacitance 
Small-Signal Common-Source 
Sis Input Conductance 


Vps « 18 V, Ves = 0, f= 100 MHz 


Smalt-Signal Common-Source 

Smail-Signal Common-Source 

. Smaitl-Signal Common-Source 
Mfsl Forward Transfer Admittance 


Smalt-Signal Common-Source 

Vos = 16 V, =0, f= MH: 
pen 18Y. Vas alia 
Smatl-Signal Common-Source 
fos Output Conductance 


Vos = 18 V, Ves 29, f= 10 Hz, 
Rg =1M2 
Vos * 18 V, Ves = 9, f= 1 kHz, 
F Spot Noise Figure Rg «1 MA 
Vos = 16 V, Ves 29, f = 100 MHz, 
Rg «1ka 
pfetoHz {170 300] 
Va Equivalent Input Noise Voltage Vos = 16 V, Ves 20 re tkHe [745 300] avi/iz 


t trademark of Texas Instruments 
his value does not modify guaranteed Iimits for specific devices and does not justify operation in excess of absolute maximum ratings. 
NOTES: 1. Thie parameter was measured using pulse techniques. t,, * 300 ys, duty cycle & 2%. 
2. Capacitance messurements were made using chips mounted in Silect packages. 
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CHIP TYPE JN5S1 


N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 


Ip vs Ves 
24 
22 
20 
18 
fe 
gw 
5 12 4 
6 10 'pss = 18 mat | 
& : toss = 14 mat | 
4 eh loss = 10 mat | 
~ ; | 'psg "7 mat 
“a 
ASSES 
0 [ SINAN MN | 
7% 40 85 70 100 185 190 148 0 -1 ~-2 -3 -4 -§ -6 -7 -8 
Ta—Free-Air Temperature—"C VGg—Gate-Source Voltege—V 
FIGURE 1 FIGURE 2 
Correlation of Normalized Ip 
vts| and Ings with Veg(100 uA) “s 


Normalized Vag 


Vog* 18 
See Note 1 


|__l¥fs! 
(eft scale) 


V@s = 0 (for Wts| and Ings) | 4 
f= 1 kHz (for veg) 
Ta~ 25°C 


W¥fsl-Forward Transfer Admittance-mmho 
wo 
Ipss—Zero-Gate-Voltage Drain Current—-mA 


01 02 03 04 O68 O06 07 O08 
Gate-Source Voltage, Vas, 
Relative 10 Value at Ip = 100 WA, Ta = 26°C 


° 
o 1 2 304 #6 6 7 10 o 


VGS(100 4A)—Gate-Source Voltage for 
100-yA Drain Current--V 


0)—Zero-Temperature-Coetficient Drain Current—mA 


Ip fa 


FIGURE 4 


Correlation of 
'D(a = 9) with Ipss 


0.1}-Vpg = 15 V 


o 2 4 6 8 0 12 14 16 
logg—Zero-Gate-Voltage Drain Current—mA 


FIGURE 7 


FIGURE 5 


Correlation of 
Vos| with pgs 


ay, Oa 
Sec TD 4008 
ia as a 
ca 


ANos=7¥V 


0 a 
0 2 4 6 8 0 12 14 16 18 20 
loss—Zero-Gate-Voitage Drain Current--mA 


FIGURE 8 


$Date is for devices having indicated value of Ipsg et Vog * 15 V, Vag = 0, Ta = 26°C. 
NOTE 1: This parameter was measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
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Ip—Drain Current—-mA 


0,Ta=25'C 


Relative To Value at Vgs 


Forward Transfer Admittance, Wisk 


Output Admittance, tyos}, Relative to Vatue at Vas = 0 


tpss * 5 mat ——4 
loss = 3 mat -——+ 


0 0.5 1 15 2 26 3 
VGg—Gate-Source Voltage—V 
FIGURE 3 


Normalized |yfs| 
vs 


Normalized Vag 


° 
0 0102 63 04 06 O6 07 08 09 + 
Gate-Source Voltage, VGs, 
Relative to Value at Ip = 100 nA, Ta = 25 C 


FIGURE 6 


Normalized Vos| 
vs 


Normatized Ip 


O 0.1 0.2 03 0.4 0.5 0.6 07 0809 1 


tp ; i: 
tre —Orain Current Relative to | 
rain oss 


f 
FIGURE 9 


Components of Input Admittance—mmho. 


CHIP TYPE JN51 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 


Correlation of 
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FIGURE 13 FIGURE 14 


Data is for devices having indicated value of lpss et Vps = 15 V, Ves", Ta= 28°C, 
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CHIP TYPE JN51 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 
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FIGURE 17 FIGURE 18 
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$Date Is for devices having indicated value of Ipgs at Vpg = 15 V, Vag = 0, Ta = 28°C. 
NOTE 2: Capacitance measurements were made using chips mounted In Silect packages. 
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CHIP TYPE JNS5! 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 
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+dDate is for devices having the indicated value of Ings at Vps = 15 V. Veg = 9, Ta = 25°C. 
8v..= vad + 4k To B AG where k is Boltzmann’s constant = 1.38 X 10-23 J/K, B is bandwidth = 1 Hz. 
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CHIP TYPE JN52 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


e@ JNS52 is a 19 X 19-mil, epitaxial, planar, expanded-contact chip 
e Available in TO-18 and Silectt packages 
© For use in chopper, commutator, and other switching circuits 


e Lower-Ipss devices also recommended for low-noise amplifier circuits 


electrical and operating characteristics at 25°C free-air temperature 


| OBSERVED VALUES | VALUES 
PARAMETER CONDITION: 
oe LOW TYP HIGH 


Pigs Gate Reverse Gurrent__———=(Vgg==20V,__Vpg=0 ao 2 a] 
[Vestoif) Gate Source Cutotf Volage __[Vos= 18 V, _Ip= tn 05-45 —2[ Vv 
[loss Z2re-Gate-Voltege Drain Carrent_[Vpg=18V, _Vgg=0, See Novi ae 200 


Srnall-Signat Common-Source Vps = 15V, Ves = 0, f= 1 kHz, 
Mis! a & 2 «3040 
Forward Transfer Admittance See Note 2 
Small-Signal Drain-Source 

t Ve6s5=0, Ip = 9, f=1kH 

dsfon) _On-State Resistance en 
G Common-Source Short-Circuit Ves = —10V, Vps = 0, f=1MHz, 

sae Input Capacitance See Note 3 


c Common-Source Short-Circuit Ves=—-10V, Vos = 9, = 1MuHz, 2 
res Reverse Transfer Capacitance See Note 3 r 


td{on) Turn-On Delay Time 2N4856 
fe Reine Y= 10, Veston)=0. | Date 
td(off) Turn-Off Delay Time Vesioff) = -10V, RL =1k2 Sheet 


Circuit 


PARAMETER CONDITIONS 


loss Zero-Gate-Voltage Drain Current |Vpg = 15 V, Ves = 9, See Note 1 8 30 40 


Smat!-Signal Common-Source Vps = 15 V, Ves = 9, f= 1 kHz, 
Vos| , 70 = 125 
Output Admittance See Note 2 


Vn Equivalent Input Noise Voltage Vos = 15 'D mi sail nViJ/Hz 
Vos = 15, Ip=tmA, f= 10Hz ae ee 


*This value does not modify guaranteed limits for specific devices and does not justify operation in excess of absolute maximum ratings. 
NOTES: 1. These parameters were measured using pulse techniques. tw = 300 us, duty cycle < 2%. 
2. To avoid overheating the transistor, these parameters were measured with bias conditions applied for less than five seconds. 
3. Capacitance measurements were made using chips mounted in TO-18 packages. 
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CHIP TYPE JN52 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 


Ip vs Ves 


oat Vos = 15V 
fasrete] || See Note 1 
W 
Ta = 28°C 


YN 


Iggg—Gate Reverse Current—nA 
Ip—Drain Current—mA 


Ta—Free-Air Temperature—"C Vgs—Gate Source Voltege—V 
FIGURE 1 Normalized Ip FIGURE 2 
Correlation of Normalized Vas since Weal 
Nts| and Ings with Vgsg(100 nA) {Garis Hares VG8I100 LAL Normalized Vgg 
260 


Vos = 15 V 
Vs * 0 (for lv4s} and Ipss) 
f= 1 kHz (for ly¢5)) 


Forward Transfer Admittance, fyfst 
Relative to Value at VGs = 0, Ta = 25°C 


Ipgg—Zero-Gate-Voltage Drain Current—mA 


b) ) 
0 -1 -2 -3 -4 -5 -6 -7 -8 -9-10 0 01 02 03 04 06 06 07 O08 0 010.2 03 0406 0.6 0.7 08 09 1 
Gate-Source Voltage, VGs. 
Ves —Gate-Source Voltage for Gate-Source Voltage, VGS, : . ; 
=) TOGA Drain Current-V _ Relative to Value at Ip = 100 nA, Ta=26C Relative to Value at Ip = 100 vA, TA = 25 C 
FIGURE 3 FIGURE 4 FIGURE 5 


Normalized ras 
Correlation of 


vs 
Tds(on) With Vas(100 uA) Normalized Vgs 


Drain-Source Resistance, ts, 


Relative to Value-at Vgg = 0, Ta = 26°C 


DT Fer Vesi100 wat: 


Fdston}—Orain-Source On-State Resistance-2 
8 


Vps = 15V 
vi) -2 4 ~6 ) -10 0 010.2 03 0405 060708 09 1 1 2 4 7:10 2 40 70100 
VGS(100 pA)—Gate-Source Voltage for Gate-Source Voltage, VGS. Ip—Drain Current—mA 
100-4A Drain Current—V Relative to Vaiue at Ip = 100 yA, Ta = 25°C 
FIGURE 6 FIGURE 7 FIGURE 8 


NOTES: 1. This parameter wes measured using pulse techniques. ty = 300 us, duty cycle < 2%, 
2. To avoid overheating the transistor, these parameters were measured with bias conditions applied for less than five seconds. 
tDate is for devices having the indicated value of Ipss at Vps = 15 V, Ta = 28°C, 
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CHIP TYPE JN52 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 
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(Devices Having VGs(100 WA) Volav)t vs ty and ty Votav)t vsf 


between —4 V and —10 V) 


Vas (eri) = =10 V 
osteo dpe 
Ta = 25°C 

See Figure 15 
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ty Bite — Input Rise and Fall Times —ys 


FIGURE 13 FIGURE 14 
eae 
“4h 4h 
° “70% | 10% 
90% 90% 
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TEST CIRCUIT 


INPUT VOLTAGE WAVEFORM 


FIGURE 15-—MEASUREMENT INFORMATION FOR FIGURES 13 and 14 
NOTES: 2. To avoid overheating the transistor, these parameters were measured with blas conditions appiled for less than five seconds, 
3. Capacitance measurements were made using chips mounted in TO-18 peckages. 
4, These measurements were made in the switching circuit of Figure 1 of the 2N4856 data sheet varying Ry, from 100 2 to 10 k&, 
tw = 1 us, duty cycle < 2%, 
5, Voltmeter input resistance Ai, > 10 M82. 
Fin the circuit of Figure 15, average output voltage results from capacitive feed- -through of the gate-drive signal, 
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CHIP TYPE JN6&3 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


e JN63isa 15 X 16-mil, epitaxial, planar, expanded-contact chip 
@ Available in TO-72 and Silectt packages 
e@ For use in VHF/UHF amplifier, oscillator, and mixer circuits 
requiring low noise characteristics 
electrical and operating characteristics at 25°C free-air temperature 


PARAMETER CONDITIONS 


VipR)GSsS Gete-Source Breakdown Voltage Ig =—1 HA, Vps "0 
riggs Gate Reverse Current =| ‘Vqgg=—20V,  Vps~0 
t 


§ -1 
Vestott) _ Gate-Source Cutoff Voltage Vps = 15 V, p2ind 
vi Gate-Source Voltage Vos = 16 V, Ip = 100 pA 0.3 -25 <7 
loss Zero-Gate-Voltage Drain Current | Vog = 16 V, Ves = 0, See Note 1 rt 1024] mA | 


Small-Signal Common-Source 

Mts Forward Transfer Admittance 
Nosl Output Admittance 
c Common-Source Short-Circuit 

iss Input Capacitance 

Crss Reverse Transfer Capacitance 
Common-Source Short-Circuit 
Output Capacitance 


Smalt-Signal Common-Source 
Input Conductance 


is 
= Input Suscaptance 
Smatl-Signal Common-Source 
Smatl-Signal Common-Source 
Small-Signal Common-Source 
is 
is 


f= 1kHz 


Coss 


Vos * 18 V, Ves "90 f = 100 MHz 


q Input Conductance 
Input Susceptance 
Smatl-Signal Common-Source 
Sos Output Conductance | 
b Smalt-Signal Common-Source 
vr Output Susceptance 


F Spot Noise Figure 


tTrademark of Texas instruments 
*This value does not modify guaranteed limits for specific devices and does not justify operation in excess of absolute maximum ratings. 
NOTES: 1. This parameter was measured using pulse techniques. ty, * 300 ys, duty cycle < 2%. 

2. Capacitance measurements were made using chips mounted in Silect packages. 
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CHIP TYPE JN53 


N-CHANNEL SILICON JUNCTION FIELO-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 
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10 
ipss 
° 
& 


¥ 0.7 02 03 04 05 06 07 08 
Gate-Source Voltage, Vs. 
Relative to Value at Ip = 100 uA, Ta = 26°C 


FIGURE 3 
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FIGURE 5 
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FIGURE 2 


Wtst-Forward Transfer Admittance—mmho 
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J 
ipgg—Zero-Gate-Voltage Drain Current—mA 
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Forward Transfer Admittance, tyfsl. 
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FIGURE 4 
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FIGURE 6 
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t Dats is for devices having the indicated values of ipss at Vog = 15 V, Vas * 9, Ta = 25°C. 
NOTE 1: This parameter was measured using pulse techniques. ty, = 300 us, duty cycle = 2%. 
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CHIP TYPE JN53 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 


Gis, big vs Normalized Ip Ofs- brs vs Normalized Ip 


| Ipsg = 5 mAt 
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t Data is for devices having the indicated values of Ipgg at Vog = 15 V, Vag = 9, Ta = 25°C. 
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CHIP TYPE JN53 


N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 
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CHIP TYPE JN53 


N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 


Cisg—Input Capacitance—pF 
SS 


vos= 8M | {LHI 
f=1MHz 
raze. iHl TL TTIM 1 
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FIGURE 15 


Rg— Generotor Resistance — kQ 
FIGURE 17 
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Crss—Reverse Transfer Capacitance—pF 
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FIGURE 16 
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FIGURE 18 
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NOTE 2: Capacitance measurements were made using chips mounted in Silect packages. 
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CHIP TYPE JN54 ; 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


@ JN54 is a 26 X 26-mil, epitaxial, expanded-contact chip 
e Available in TO-39 and Silecrt packages 
e@ For use in high-voltage amplifier circuits 


electrical and operating characteristics at 25°C free-air temperature 


PARAMETER CONDITIONS 


UNIT 
ViBR)GSS Gate-Source Breakdown Voltage Ig = —10 pA, Vps = 0 
Igso.__Gate Reverse Current [Ves=-78V,ip-OSSC*S Poa] 
Igss Gate Reverse Current Vos = —40V, Vos = 0 -<1 —2 


IDGO Drain Reverse Current Voc = 200 V, ig = 0 <1 100 
VGSloff}  Gate-Source Voltage Vos = 30 V, Ip =4nA -2 -9 ~—20 
lpss Zero-Gate-Voltage Drain Current Vps = 30 V, Ves = 0, See Note 1 } 1 55 15] 


Small-Signal Drain-Source 
Vc6s = 0, Ip = 0, f= 1kHz 
bebeky On-State Resistance 


Small-Signal Common-Source 
Mts| Forward Transfer Admittance 
Nosl 


Smail-Signal Common-Source 
Output Admittance 
Common-Source Short-Circuit 
Input Capacitance 
Common-Source Short-Circuit 
Reverse Transfer Capacitance 


iY Equivalent Input 
n Noise Voltage 
TTrademark of Texas instruments 
*This value does not modify guaranteed limits for specific devices and does not justify operation in excess of absolute maximum ratings. 


NOTES: 1. This parameter was measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
2. Capacitance measurements were made using chips mounted in Silect Packages, 


Cc; 
is Vos = 30V, Ves = 0, f= 1 MHz, 


See Note 2 
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CHIP TYPE JN54 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 
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FIGURE 5 
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Ipss — Zaro-Gate-Voltoge Drain Current — mA 
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NOTE 1: This parameter was measured using pulse techniques. ty = 300 Ws, duty cycle © 2%, 
t Data is for devices having the indicated value of Ings at Vos = 30 V, Ta = 25°C. 
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CHIP TYPE JN54 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 


\esl vs Vos 
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FIGURE 6 


5 
SNK Ves tre 
BNA Petes} 


LNT VK Netess =2.5 at] TT 
ESS SEE 


a ee a 


°o 5 W015 20 5 30 a5 40 45 50 
Vos — Drain Source Voltage —V 


FIGURE 8 


Ciss. Crss VS Vas 


r) 


C~Capacitance—pF 


o- Mw eM OAn @ © 


i 
4 


VGS-Gate-Source Voltage—V 
FIGURE 10 
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FIGURE 9 
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FIGURE 11 


NOTES: 1. This parameter was measured using pulse techniques. ty = 300 us, duty cycle = 2%, 
2. Capacitance measurements were made using chips mounted in Silect packages. 
TData is for devices having the indicated value of loss at Vog = 30 V, Ta = 25°C, 
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CHIP TYPE JN55 
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


e JN55 is a 19 X 19-mil, epitaxial, planar, expanded-contact chip 
e Available in TO-72 packages 


e For extremely low-noise preamplifier and amplifier circuits 


electrical and operating characteristics at 25°C free-air temperature 


PARAMETER CONDITIONS UNIT 
LOW. TYP HIGH 


-ViemiGss GateSource Breakdown Voltage [ig==1eA.Vpg-0——S~C~S zs 
Vps=10V, ip = 050A 


Smail-Signal Common-Source 
Vps = 10 V, Ip =5mA, =1kH 
Mtsl Forward Transfer Admittance DS wd | 5 2030 


Wael Small-Signal Common-Source 
os Output Admittance 


c Common-Source Short-Circuit Vos = 10V, Ip =5mA, f= 1 MHz, 
iss Input Capacitance See Note 2 

c Common-Source Short-Circuit Vos = 10 V, Ip =5mA, f= 1 MHz, 
oad Reverse Transfer Capacitance See Note 2 


Vv 
PA | 
| ma | 


Vos = 10 V, Ip =5mA, f= 1kHz 


Vos = 10 V, Ip =5mA, Rg = 10 ka, 

F Spot Noise Figure Ds = 10 5 S | as | 
f= 10Hz 

Vo Equivalent Input Noise Voltage Vos = 10 V, Ip=5mA Hato 


*These values do not modify guaranteed limits for specific devices and do not justify operation in excess of ebsolute maximum ratings. 
NOTES: 1. These parameters were measured using pulse techniques. ty = 300 ys, duty cycle < 2%. 
2. Capacitance measurements were made using chips mounted in TO-72 packages. 
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CHIP TYPE JNSS 


N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


iGsgs—Gate Reverse Current—nA 


2 50 76 100 126 160 
Ta—Free-Air Temperature—°C 


FIGURE 1 
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Ps Ps cone 
4 
0 Ta = 25°C 
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¥fst-Forward Transfer Admittance-mmho 
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a 
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Ip—Drain Current—mA 


FIGURE 4 


Cygs v8 VS 


Vps = 10 V 
f=1MHz 
Ta = 28°C 


Crss— Reverse Transfer Capacitance—pF 
° 


VGs—Gate-Source Voitage—V 
FIGURE 7 


t Data is for devices having the indicated value of Ings at Vpg = 10 V, VGs = 0, and Ta = 25°C 
NOTES: 1. This parameter was measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
2. Capacitance measurements were made using chips mounted in TO-72 packages. 


TYPICAL CHARACTERISTICS 
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CHIP TYPE JP7I 
P-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


© JP71isa 17 X 17-mil, epitaxial, planar, expanded-contact chip 
© Available in TO-5, TO-18, TO-72, and Silectt packages 
® For use in low-noise amplifier circuits 


electrical and operating characteristics at 25°C free-air temperature 


OBSERVED VALUES 
PARAMETER NDITIONS NIT 
ee Low TYP cae UNIT | 
Vv 


Ves=15V.Vpg=9 aa 
Vos==16V,__Ip= 100A 
Vog==15V, Vag 0, See Nowe 


Smali-Signal Drain-Source 
Vos = 0, Ves = 9, f=1kH 300 2000 
Adin! On-State Resistance ue e ‘ | 00 2000] | 


iva Small-Signal Common-Source 
ts Forward Transfer Admittance 


Weal Smali-Signal Common-Source 
‘0 
. Output Admittance 
Ciss Common-soures Short-Circuit 35 55 7 
Input Capacitance Vos = -15V, Ves = 9, f= 1 MHz, 
Cc 


Vps=-15V, Ves 79, 


Common-Source Short-Circuit See Note 2 


Ie Reverse Transfer Capacitance 


=-15V, =0, =1MQ, 
f= 1 kHz 


Vn Equivatent Input Noise Voitage Vps=-15V, Ves=9. f= 1 kHz 


tTrademark of Texas Instruments 
®This value does not modify guaranteed limits for specific devices and does not justify operation in excess of absolute maximum ratings. 
NOTES: 1. This parameter was measured using pulse techniques. ty, = 300 ws, duty cycle 2%. 

2. Capacitance measurements were made using chips mounted in Silect packages. 
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CHIP TYPE JP71 
P-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 


Ip vs Ves 
i 
i i ‘ 
3} i 3 
j é 3 
g & : 
; b 3 
o 1 2 3 4 6 6 7 8 o of 1 #15 2 26 3 
Ta—Free-Air Temperature—"C Vgs—Gate-Source Voltage—V VGs—Gate-Source Vottage-V 
FIGURE 1 FIGURE 2 FIGURE 3 
Normalized Ip 
Normalized ly. 
Correlation of be vs ts! 
nd ith V Normalized Vag : 
lfs|and Ings with Ves(100 nA) (Devices Having Ipgg Greater than 3 mA) Normalized Vgs 


1.6 > 
Z i mi oy ear 28 
e jote 
f 68 z 
é 2 12 ; < 
& g . 
2 3 10 Eo 
« 2 8 
I Ff eS Nae 3 
> 
£ é 8 08 Ss : 3 
} ¢ 4 PNG. “aa 
04 a 
Lge eS OH 
a N = 
ns ) 28 02 EN Gs 
£ g “|e SI z 
= 0 ee 
0 1 2 3 4 6 6 0 01 02 03 04 05 06 07 08 0 0.1 0.2 03 0.4 05 06 07 08 09 1.0 
VGS(100 wA)—Gate-Source Voltage Gate-Source Voltage, Vgs, Gate-Source Voltage, Vgs, 
for 100-1A Drain Current—V Relative to Value at 1p = —100 pA, Ta = 25°C Relative to Value at Ip = —100 wA, Ta = 25°C 
FIGURE 4 FIGURE 5 FIGURE 6 
; Normalized rgs 
Correlation of vs 
"ds(on) With Vqs(100 uA) Normalized Ves 
10 
gg 600 
7 7 
g 2 
§ 500 8 4 2 
3 . ‘ 
e fs 5 
g 400 g co 2 8 
S 300 é> 1 E 
8 gs 07 2 
3 200 3 3 0.4 i 
3 For iaisol: s 3 . q 
a GS =0 = 
roof ip-0 =} For Vastioo yay: | 52 o2 3 
s f= 1 kHz Vs == 15 V 3 For VGs(100 uA}? 
3 Ta 25°C Ta= 28°C « Vos=-18V 
o 0.1 a 
0 1 2 3 4 5 6 © 0.1 02 0304 05 06 0.7 08 09 1.0 -) +2 -# = -10 +20 49-100 
VGS(100 wA)~Gate-Source Voltage for Gate-Source Voltage, Vgs, 'p—Drain Current—mA 
100-24 Drain Current—V Relative to Value at Ip = —100 WA, Ta = 25°C 
FIGURE 7 FIGURE 8 FIGURE 9 


Data is for devices having the indicated value of Ipss at Vps = —15 V, Veg = 0, Ta = 25°C. 
NOTE 1: This parameter was measured using pulse techniques. tw = 300 us, duty cycle < 2%. 
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P-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


CHIP TYPE JP7! 


TYPICAL CHARACTERISTICS 


Cigs. Cres ¥8 VGS 


10 

Spee TOT 

8 See Note 2 tt 
HT TP 


1 lee ME TTI 
8 = 

Ran ie tt 
So 

i. Sell 
3b 3 


01 O02 O04 07 1 2 


Vgg—Gate-Source Voltage—V 


7 10 


FIGURE 10 


‘ Seaman 


10 40 100 400 1k 4k 10k 
f—Frequency—Hz 


Vp—Equivalent Input Noise Voltage—nV/ 


FIGURE 12 


Vn—Equivalent Input Noise Voltage—nV /\/Hz 


F—Spot Noise Figure—dB 


CT eee 
NTA ETI TL a = 28° 

NTE TM | 
PNT ETI ATT VU 
TT 
PTAs = 90% | TTT TU 
at 
\ Nettie 'm2 | UII 


il 
Ct 
CTS 


Ct 
10 40 100 400 1k 4k 10k 40k100k 
f—Frequency—Hz 


FIGURE 11 


ToT 
eevee (TT THI TT 
rare ETT tA 
a 
a 
PNET TPE fT 

Nitogs=-r9 matt TT 
THT 1 
fF tossx-omat TTT I || 
PETTITTE 


0.1 02 04071 2 4 710 20 40 
Ip—Drain Current—mA 


FIGURE 13 


t Date is for devices having the Indicated value of Ings at Vps * —15 V, Vas 70, Ta= 26°C. 
NOTE 2: Capacitance measurements were made using chips mounted In Silect packages. 
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CHIP TYPE JP72 
P-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


@ JP72 is a 19 X 19-mil, epitaxial, planar, expanded-contact chip 
e Available in TO-72 packages 
© For use in commutator and chopper circuits 


electrical characteristics at 25°C free-air temperature 


PARAMETER CONDITIONS 


a 
Vps=—10V, _V@g=10V «C02 —15[ nA _| 
Vos=-10V,Ip=-tHA |) ot 28 86] Vv | 


fos Soma” [Yasey vore wns [fo 

Se ee a 
Small-Signat Common-Source Vps = —10V Ves = 0, f=1kHz, 

Mts Forward Transfer Admittance See Note 2 | #12 mo 

& Common-Source Short-Circuit Vps=-10V,  Vgg=0, #=1MHz, 4a oF | 

ag input Capacitance See Notes 2 and 3 i 


c Common-Source Short-Circuit Vps = 9, Ves= 10V, f=1MHz, 
rs Reverse Transfer Capacitance See Note 3 


*This value does not modify guaranteed limits for specific devices and does not justify operation in excess of absolute maximum ratings. 
NOTES: 1. This parameter was measured using pulse techniques. ty = 300 us, duty cycle < 2%, 

2. To obtain reproducible results, this parameter was measured with bias conditions applied for less than five seconds. 

3. Capacitance measurements were made using chips mounted in TO-72 packages. 
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CHIP TYPE JP72 
P-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 


Igsg—Gate Reverse Current—nA 


Ta—Free-Air Temperature—"C 


FIGURE 1 


Correlation of 
tds(on) with V@s(100 uA) 


For fdston): 
Ves 0 
Ip =o 
fe tkHz 

2, 
200 ' Ta = 26°C 


150 


For Vasi100 way: [| 
6 vos nove i 


fds(on)—Drain-Source On-State Resistance-2. 


VGS(100 wA)—Gate-Source Voltage 
for 100-4A Drain Current—V 


FIGURE 3 


Cisg— Input Capacitence—pF 


O1 02 O04 07 1 2 4 7:10 
VGs—Gate-Source Voitage—V 


FIGURE 5 


TEXAS, IN STRUMENTS 


'p(off) 8 Ta 


(D{ott)—Drain Cutoff Current—nA 


2 50 75 100 125 150 
Ta—Free-Air Temperature--"C 


FIGURE 2 


Normalized rag 
vs 


Normalized Vas 


Drain-Source Resistance, rds, 
Relative to Value at Ves = 0, TA = 25 C 


For VGs(100 HA): 
Vps = ~10V 
paar 


0 0.1 0.2 03 04 05 66 0.7 08 09 1 
GateSource Voltage, VGs. 
Relative to Value at Ip = —100 #A, Ta = 26°C 


FIGURE 4 


Crsg VS VGS 


f= 1MHz 
Ta= 25°C 


Cysg—Reversa Transtar Capacitance—pF 


Or. 02 O4 O71 2 4 710 
Vigs—Gate-Source Voltage—V 


FIGURE 6 


NOTES: 2. To obtain reproducible results, these parameters were measured with bias conditions applied for less than five seconds. 
3. Capacitance measurements were made using chips mounted in TO-72 packages. 
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CHIP TYPE MN81 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


e MN81 isa 19 X 19-mil, epitaxial, planar, expanded-contact chip which 
has integrated back-to-back diodes between the gates and the source 


and substrate | | 


e Available in TO-72 packages 


e For use in VHF amplifier and mixer circuits requiring low noise, low 
feedback capacitance, and very high gain 


electrical characteristics at 25°C free-air temperature 


| OBSERVED VALUES | 
Sink UNIT 
PARAMETER CONDITIONS LOW TYP HIGH 


ViBR)DS Drain-Source Breakdown Voltage | Ip = 10 uA, VG1s * Vaas = -5 V | 2¢ 2 fv i 


jate~One—Source Forward 
Vv =10mA, V, =Vps = 0, Note 1 Vv 
ate-One—Source Reverse 
Gate-Two—Source Forward 
Vv Igo" A, = Vps = 0, 1 Vv 
uallaiend Breakdown Voltage we aa “aie si : ous fe ie sol | 


jate-Two—Source Reverse 
Vv Ig2=—10mA, V = Vps = 0, s te 1 ¢ -12 -30 
(BRIGZSSR pg reakdown Voltage G2=—10mA, VGis= Vos =0 ee No ~6 


Gate-One-Terminat 
t Vv BBV, VG2= Vos = 
oer Forward Current se Gee | oor 10] ma | 
Gate-One-Terminal 
i} "7 =-5V, Vo62= Vps= -<0.01 —-10 
Sosen Reverse Current baa Ge liad | _-<001 10 | 


Gate-Two-Terminal 


' Vv =6V, Vv =Vps= <0.01 10 
G2ssF Forward Current G2s Gis Vos= 0 
Gate-Two-Terminal 
Ig28s Vv =-5V, V, =Vps = 0 -—<0.01 —10 
; Zero-Gate-One-Voltage Vos=158V, Veig=90, Ve2s*4V, 
DS Drain Current See Note 2 
Gate-One—Source 
Vv =15V, Vv =4Vv, Ip = 20 0.5 -1.8 —-4 Vv 
GISlof) ——Curoft Voltage Vos = 15 G2s D HA avs | 


Gate-Two—Source 
VG2S(0ff) cutoff Voltage pes ete SSIs poe 
tel Smail-Signal Common-Source Vos = 15 V, VGg1s = 9, Veas =4V, 3 a 2 
fs Forward Transfer Admittance f= 1 kHz, See Note 3 


a Common-Source Short-Circuit Vos" 15V, VGgis=90, Ve2s = 4V, oe 
bd Input Capacitance f=1 MHz, See Notes 3 and 4 
Common-Source Short-Circuit Vpos=15V, Veis=9, Ve2s=4V, e 
Coss Output Capacitance f=1MHz, See Notes 3. and4 e 
Crss Common-Source Short-Circuit Vos=18V, Vagas=4V, Ip = 10 mA, 0.005 <0.1 0.03 | oF 
Reverse Transfer Capacitance f= 1 MHz, See Note 4 


These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1. To ensure that the protective diodes are functioning properly, this voltage is measured while the device is conducting rated forward 
gate current. 
2. This parameter was measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
3. To avoid overheating the transistor, these Parameters must be measured with bias conditions applied for less than five seconds. 
4. Capacitance measurements were made using chips mounted in TO-72 packages. 
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CHIP TYPE MNS1 


N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS AT Ta = 25°C 


Ip vs Vais 


<¢ 
E t 
0 
- ~ 
cs) s] 
£& c 
Fs g 
re a 
[-) b 
—4 -3 2-1 =O 1 2 3°44 4 -3 -2 -1 (t) 1 2 3 4 
VG1g—Gate-One—Source Voltage—V VG2S—Gate-Two—Source Voltage—V 
FIGURE 1 FIGURE 2 
Ip vs Ve1s Ip vs Vos 
50 
40 
= t 
J : | 
s a 30 Y 
j Wa f 
3 3 2 wiv 
9 ¢ [P| osxtomatl | | 
2 2 H 
1a Vers 9 
. V7 = 
A 
Aa ae 
(0) ee EE RE | — 
-—3 —-2 -1 #O 1 2 3.4 «5 0 5 10 15 20 
VG1s—Gate-One—Source Voltage—V Vps—Drain-Source Voltage—V 
FIGURE 3 FIGURE 4 


tData is for devices having the indicated value of Ips at Vps = 15 V, Va1s = 9, Ve2s = 4 Vv. 
NOTE 2: This parameter was measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
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CHIP TYPE MN81 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 


INSULATED-GATE FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS AT Ta = 25°C 


ysl vs Vois 
é 
£ 
€ 
: 
& 
z 
5 
arg 
2 
PS 
0 
2-15 -1 -06 0 of 1 
VG1S—Gate-One—Source Voltege—V 
FIGURE 5 
Mfs vs VG2s 


94s— Forward Transfer Conductance—mmho 
t 


VG2s—Gate-Two—Source Voltage—V 
FIGURE 7 


Qos— Output Conductance—mmho 


VG2s~Gate-Two-Source Voltage—V 
FIGURE 9 


\Vesivs Ve2s 


by4,|-Forward Transfer Admittance—mmho 


es whee Vottege—V 
FIGURE 6 


VG2s—~Gate-Two-Source Veltage—V 
FIGURE 8 


Sos ¥s Vos 


Q93— Output Conductance—mmho 


o 2 4 6 8 0 122 4 16 
Vpg—Drain-Source Vottage—V 
FIGURE 10 


Data is for devices having the indicated value of Ipg at Vpg = 15 V, Vgig = 0, Vg2ag "4 V. 
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CHIP TYPE MN81 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS AT Ta = 25°C 


Components of input Admittance—mmho 


f—Frequency—MHz 


Components of Forward Transfer Admittance—mmho 


10 40 100 400 1000 
£-Frequency—MHz 
FIGURE 13 


Components of Output Admittance—mmho 


10 ao 100 400 1000 
f—Frequency—MHz 


FIGURE 15 


Gis v8 VG2S 


Gis-Input Conductance at 200 MHz—mmho 


Vgzs—Gate-Two—Source Voltage—V 
FIGURE 12 


Components of Forward Transfer Admittance—mmho 


VGg2g—Gate-Two-Source Voltage—V 
FIGURE 14 


Sos: bos ¥8 VG2S 


Components of Output Admittance—mmho 


Vg2g—Gate-Two-Source Voltage—V 
FIGURE 16 


t Data is for devices having the indicated value of ips at Vos 715 V, Vois= 0, Ve2s= 4ayv. 
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CHIP TYPE MN81 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS AT TA = 26°C 


| Vpg = 16 V 


Ve2s*4V 
. 6 
ma f= 1 MHz + 
| ; J 
a H 
& & 
4, L 2 
d é 
1 
Qo 
6 6 -4 -3 -2 + 06 28 +4 +4 2 0 2 4 
VG1S—Gate-One—Source Voitage—V VG2s~Gate-Two~Source Voltage-V 
FIGURE 17 FIGURE 18 
Crss ¥S Vas 
0. 
- Vos * 15 
VGis +0 
0.025 | f= 1 MHz 


See Note 4 


vs 
a 
i * 3 
3 0.020 x 
3 4 
2 o015 
i 5 
& 
0.010 a 8 
lpg * 10 mat é 
d 0.006 
C) 
~6 -4 -2 0 #2 4 6 ~4 93 -2 -1 0 1 2 3 «6 
VG2S~Gate-Two—Source Voltage—V VG28-Gate-Two-Source Voltage—V 
FIGURE 19 FIGURE 20 


tata | for devices having the indicated value of Ips #&t Vpg = 16 V, Vo1s "9% Veag "4V. 
NOTE 4: Capacitance measurements were made using chips mounted in TO-72 packages, 
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CHIP TYPE MN82 
N-CHANNEL DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


e MN82isa 19 X 19-mil, epitaxial, planar, expanded-contact 


MOS silicon chip 
e Available in TO-72 packages 
e For use in VHF amplifier circuits 


electrical and operating characteristics at 25°C free-air temperature 


PARAMETER CONDITIONS 


ips tOnA,__Vag=-8V er 
GSSR Reverse Gate-Terminal Gurrent | Vas=-@V,_Vpg=0 S| t= 80] BA 
~08 15-0 V_ 


loss Zero-Gate-Voltage Drain Current | Vos = 15 V, Ves = 9, See Note 1 


Smatt-Signal Common-Source 
Misl Forward Transfer Admittance 
Wosl Output Admittance 

Common-Source Short-Circuit 
Ciss Input Capacitance 


Crss Reverse Transfer Capacitance 
Common-Source Short-Circuit 
Coss Output Capacitance 
Sis Input Conductance 
Small-Signal Common-Source 
Hs Forward Transfer Conductance 
7 Forward Transfer Susceptance Ip = 5mA, Heloaa tae 


Smail-Signat Common-Source 

Reverse Transfer Conductance 

Smail-Signal Common-Source 

Prs Reverse Transfer Susceptance 
6 


Ors 


90: Output Conductance 
Pos Output Susceptance 
Vos 16V. 


This value does not modify guaranteed limits for specific devices and does not justify operation in excess of absolute maximum ratings. 
CAUTION: The measurement of Vigrnyosy Mey be destructive. 
NOTES: 1. This parameter was measured using pulse techniques. ty, = 300 us, duty cycle © 2%. 
2. Capacitance measurements were made using chips mounted In TO-72 packages. 


Ip = 5mA, f = 200 MHz 
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CHIP TYPE MN82 
N-CHANNEL DEPLETION-TYPE 


INSULATED-GATE FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 


Igssr. ssp vs Ta 


Forward or Reverse Gate-Terminal Current—pA 


25 50 75 100 125 150 


FIGURE 1 


| Ta—Free-Air Temperature—°C 


\¥fs|-Forward Transfer Admittance~mmho 


Ip—Drain Current—mA 


FIGURE 3 


Ip vs Ves 


\p—Drain Current—mA 


Ipss © 10 mAt 


| | pss © 5 mAt 


0 -05 -1 -15 -2 -25 -3 -35 -4 
VGs—Gate-Source Voltage—V 
FIGURE 2 


Vosl vs Ip 


Yos-Output Admittance—~mho 


!p—Drain Current—mA 


FIGURE 4 


T Data is for devices having the indicated value of Ipsg at Vpg = 15 V, Vag = 0, and T, = 28°C. 
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Components of Input Admittance—mmho 


Components of Reverse Transfer Admittance—mmho 


0 1 2 3 4 5 6 7 8 


CHIP TYPE MN8&2 
N-CHANNEL DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 


Gig, big vs Ip Ofs, bfs v5 Ip 


pata 
TT Pere 


Gis = Yis(real) 
ot 


Components of Forward Transfer Admittance—mmho 


Ip—Drain Current—mA 
tp—Drain Current—mA D~-Vrain Gul 


FIGURE 5 FIGURE 6 


—brs = —Yrs(imag) 


Grs = Yrs(real) 


i a a oa a 0 1 2 3 4 56 6 7 8 
Ip—Drain Current—mA 


Components of Output Admittance—mmho 


Ip—Drain Current—-mA 
FIGURE 7 FIGURE 8 
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CHIP TYPE MN82 
N-CHANNEL DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 
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Ip—Drain Current—mA Ip—Orain Current—mA tp—Drain Current—-mA 
FIGURE 13 FIGURE 14 FIGURE 15 


NOTE 2: Capacitance measurements were made using chips mounted in TO-72 packages. 


5-32 TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX $012 « DALLAS, TEXAS 75222 


CHIP TYPE MN83 
N-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


e MN83 isa 21 X 21-mil, epitaxial, planar, expanded-contact 
MOS silicon chip 

e Available in TO-72 packages 

e For use in switching and chopper circuits 


electrical and operating characteristics at 25°C free-air temperature 


PARAMETER INDITIONS IT 


ViprR)Dss Orain-Source Breakdown Voltage [1p = 10 uA, Ves =0 | 25 40 


IGSsF Forward Gate-Terminal Current Ve6s = 35V, Vps =0 | pA | 
lGssR Reverse Gate-Terminal Current Ves =—-35V, Vps =0 i) 


<1 
-<1 

‘pss Zero-Gate-Voltage Drain Current [Vps = 10V, Ves 20 
150 


< 


VGsith)  Gate-Source Threshold Voltage Vps = 10V, Ip = 10nA re a 


Ip(on) On-State Drain Current Vps = 10 V, Ves = 10V, See Note 1 10 


Small-Signal Drain-Source 
Ves= 10V, Ip = 0, f= 1kH 
‘dslon) On-State Resistance Gs~ 10 Bee . 


C Common-Source Short-Circuit Vps 2 10 V, Ves=9, f= 1MHz, 
ad Input Capacitance See Note 2 


c Common-Source Short-Circuit Vps= 9, Ves = 9, f= 1 MHz, 
res Reverse Transfer Capaciatnce See Note 2 
td(on) Turn-On Delay Time 


td(off) Turn-Off Delay Time 
te Fall Time 


Vpp = 10 V, Ip(on) *10mA, Ry, = 8002, 
VEs(on} = 10V, Vesioff) = 9 Figure 1 Circuit 


“This value does not modify guaranteed limits for specific devices and does not justify operation in excess of absolute maximum ratings. 
CAUTION: The measurement of VigR)oss May be destructive. 
NOTES: 1, This parameter was measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
2, Capacitance measurements were made using chips mounted in TO-72 packages. 
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CHIP TYPE MN83 
N-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 
10V 


0.001 uF 10M 
502 INPUT 
OUTPUT Ov 1 n 


R, —80 2 ! | 
t t 
Ot uk don) —f>—>4 ft — “lott 
— fet, —- fe 
INPUT —!' | ! 
50:2 | OUTPUT 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: Z5.4, = 50 2, duty cycle < 1%, t, < 0.33 ns, 
te < 0.33 ns, tw © 100 ns. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t; < 0.4 ns, Rin = 50 2, Ci, < 2 pF. 


FIGURE 1 
TYPICAL CHARACTERISTICS 
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NOTE 1: This parameter was measured using pulse techniques. ty, = 300 us, duty cycle 2%, 
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CHIP TYPE MN83 
N-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 
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Cigs v8 Ves 


Ciss—Input Capacitance—pF 
Cysg—Reverse Transfer Capacitance—pF 
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VcGs—Gate-Source Voltage—V VaGs—Gate-Source Voltage—V 
FIGURE 7 FIGURE 8 


NOTES: 1, This parameter was measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
2. Capacitance measurements ware made using chips mounted in TO-72 packages. 
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CHIP TYPE MN84 
N-CHANNEL DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


e MN84 isa 21 X 21-mii, epitaxial, planar, expanded-contact MOS 
silicon chip which has integrated back-to-back diodes between the 
gate and the substrate 


e Available in TO-72 packages 


on 


e For low-power switching and chopper circuits 


electrical and operating characteristics at 25°C free-air temperature 


PARAMETER CONDITIONS OBSERVED VALUES 
TYP HIGH 


Forward Gate-Source Ig =1mA, Vps = 90, =0, =) 10 
Breakdown Voltage See Note 4 
Viemicese Reverse Gate-Source Ig =—1 mA, 

Breakdown Voltage _ See Note 1 


IGSsF Forward Gate-Terminal Current Ves=7V, 
IgssR Reverse Gate-Terminal Current Ves=-7V, 


Vsp = 12V, 
ts(off} Source Cutoff Current 7 Wav 
Vos = 12V 
Ip(o#) Drain Cutoff Current ce 45 v7. 


luss Substrate Reverse Current Vus=—20V, Vps=0, 
VGSloff) Gate-Source Cutoff Voltage Vos = 12V, Ip = 10 nA, Vus = 0 


Zero-Gate-Voitage 


i) Vps = 12V, Ves=9, 
DSS Drain Current -_ -_ 


8 


V(BR)GSSF 


b 


Vos =3V, Ves =6V, 
SeeNote2  — 

Small-Signal Drain-Source Ves =6V, Ip 

On-State Resistance f=1kHz 

Common-Source Short-Circuit Vos = 12V, Ves =-6V, 
input Capacitance f= 1 MHz, See Note 3 
Common-Source Short-Circuit Vps = 0, Ves =-6V, 
Reverse Transfer Capacitance f= 1 MHz, See Note 3 


Vps = 12V, Ves =-6V, 
Cc 12] Cc. i 
‘ds rain-Source Capacitance f= 1 MHz, Notes 3 and 4 
tr 


Turn-On Delay Time 
Vpp=12¥, — Ipion) ~ 55 mA, 


Ipion) On-State Drain Current 


~~ 
°o 


ds(on) 


bade 
a 
“I 


Ciss 


Crsg 


i=) 
~ 


ee FU v =6V, V, 2V 
se, 
taloff) Turn-Off Delay Time GS(on) * OV. VGSloff) , 
Figure 1 Circuit 


te Fall Time 


@This value does not modify guaranteed limits for specific devices and does not justify operation in excess of absolute maximum ratings. 
NOTES: 1. Both gate breakdown voltages are measured while the device is conducting rated gate current. This ensures that the 
gate-voltage-limiting network is functioning properly. 
2. This parameter was measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
3. Capacitance measurements were made using chips mounted in TO-72 packages. 
4. Cqg measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The gate and case are connected to the 
guard terminal of the bridge. 
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CHIP TYPE MN&4 
N-CHANNEL DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


Voeg=-2V Vpp = 12 a ty <1 ns te <1ns 
500 2 RL | | INPUT 
Ov 
OUTPUT te-ton ~ — tore 
I 
uF td(on) —*4 | —— eC) 
Vus = -6V | I 


INPUT —o ty Cc _ tt e— 
I 
I 


| 
10% 1 10% 
ae | OUTPUT 
90% 90% 


(See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a, The input waveforms are supplied by a generator with the following characteristics: Zour = 50 2; tw ~ 200 ns, duty cycle < 2%, 
b. Waveforms are monitored on an oscilloscope with the following characteristics: ty <1 ns, Rin 100 k&, Ci, <7 PF. 


FIGURE 1—SWITCHING TIMES 


TYPICAL CHARACTERISTICS 
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CHIP TYPE MN84 
N-CHANNEL DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 


f=1MHz 
Ta =25°C 
See Note 2 


Cjss—Input Capacitance—pF 
Crss—Reverse Transfer Capacitance—pF 
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NOTE 2: This parameter was measured using pulse techniques. tw = 300 ys, duty cycle < 2%. 
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CHIP TYPE MN85 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


e MNSBS is a 26 X 26-mil, epitaxial, planar, expanded-contact MOS 
silicon chip which has integrated back-to-back diodes between the 
gates and the source and substrate | | 


e Available in TO-72 packages 


e For use in VHF amplifier and mixer circuits requiring low noise, low 
feedback capacitance, and very high gain 


electrical characteristics at 25°C free-air temperature 


Instantaneous Drain-Source 
“BR)DS Breakdown Voltage : 
Gate-One~Source Forward 
Breakdown Voltage 
VieRIGISSR Gate-One—Source Reverse 
Breakdown Voltage 
v Gate-Two—Source Forward 
(BA)G2SSF Breakdown Voltage 
Vienraossr Gate-Two—Source Reverse 
Breakdown Voltage 
Gate-One-Terminal 


| 


L 
So 


D= 104A, Veis = Ve2s=—-4V 


<|¢ 


ViBAiG1SsF Ig1=10mA, VG2s= Vps= 0, See Note 1 


I 
w& 
c=) 


1g1=—-10mA, Vg2s= Vos= 9. See Note 1 -6* -12 


f< |<] 


ig2=10mA, Veis=Vos= 29. See Note 1 


Ig2=—1OmA, Vagis= Vos= 2. See Note 1 


<0.01 


2 
° 


i 
GISSF Forward Current 
Gate-One-Terminal 
1 v =-5V, V62=Vps=9 ~<0.01 —10 
G1SSR Reverse Carrent G1S G2= Vps 0 
- Gate-Two-Terminal 
I Vv =5V, Vv =Vps=0 <0.01 10 
G2ssF Forward Current G2s Gis * YOS j ma | 
Gate-Two-Terminat 
' TV =-5V, V =Vps= —<0.01 —10 
' Zero-Gate-One-Voltage Vps=15V, Ve1s=9, Ve2s =4V. 
DS Drain Current See Note 2 
Gate-One—Source 
Vv Vos = 15V, Vv =4V, Ip = 20 nA Vv 
GISloff) Cutoff Voltage = as stiri [oss 5] v 
Gate-Two—Source 
7 =15V Vv = Ip = A -0.2 -1.0 4 Vv 
G28(of) Cutoff Voltage ee ee itl [02-10 |v 
Small-Signat Common-Source Vps=15V, VGis=9o Ve2s =4V, 
vesl : 15 2740 
Forward Transfer Admittance f=1kHz, See Note 3 
CG Common-Source Short-Circuit Vps= 15V, Veas=4V. Ip = 10 mA, 
: Input Capacitance f= 1MHz, See Note 4 


6 
c Common-Source Short-Circuit Vps715V, VeGas=4V. Ip = 10 mA, 
one Output Capacitance f= 1MHz, See Note 4 
c Common-Source Short-Circuit Vps=15V, Vgas74V, Ip =1mA, 
bead Reverse Transfer Capacitance f = 1 MHz, See Note 4 
These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1. To ensure that the protective diodes are functioning properly, this voltage is measured while the device is conducting rated forward 
gate current. 
. This parameter was measured using pulse techniques, ty = 300 us, duty cycle < 2%. 


2 
3. To avoid overheating the transistor, this parameter must be measured with bias conditions applied for less than five seconds, 
4. Capacitance measurements were made using chips mounted in TO-72 packages. 


& 


0.005 §<0.03 0. 
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5-40 


CHIP TYPE MN85 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


tp— Drain Current—mA, 


(p—Drain Current—mA 


§¥fsl-Forward Transfer Admittance—mmho 


TYPICAL CHARACTERISTICS AT Ta = 25°C 


Ip vs Ve1s 


0 
-3 -2 «<1 o.o1 2 3 4 65 


VG1$—Gate-One—Source Voltage—V 


FIGURE 1 


|p vs Vg2s 


T 
Vos * 18 V 
See Note 2 
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FIGURE 3 


Vis|¥s Va1s 


8 


2 


0 
2 = -16 -1 
VG1s~Gate-One—Source Vottage—V 


FIGURES 


TEXAS | 


CORPORATED 


{p—Drain Current—mA 


Ip—Drain Current—mA 


30 

ee 

= 27 
4 


er 


J¥fs|-Forward Transfer Admittance—nm 


NOTE 2: This parameter was measured using pulse techniques. tw = 300 us, duty cycle < 2%, 
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Ip vs Va1s 


O06 -06 -04 -02 0 
VG1s-Gate-One—Source Voltage—V 


FIGURE 2 


Ip vs Vos 


Veis *0 
Vo1s*-1V 


Vps—Drain-Source Voitage—V 


FIGURE 4 


\ts| ¥s Va2s 


Vos = 15V 
fe 1 kHz 


| 


1 0 1 2 3 4 
VG2g-~-Gate-Two-Source Voltage—V 


FIGURE 6 


CHIP TYPE MN85 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS AT Ta = 25°C 


Ciss v8 Vo1s Ciss, Coss v8 VG2s 


Vps = 18 V 


VG15 =0 
4a\_f=t MHz 


See Note 4 


Cigg—Input Capacitance—PF 
> 


Vos = t6V 
Veo2g=4V 
f= 1 MHz 


Cisg or Coss—Input or Output Capacitance—pF 


3 See Note4 | Qo "maar _— 
6 6 -4 -3' 2 -1 0 4 3 2 -7 0 1 2 3 «4 
VG 1$—Gate-One~Source Voltage—V VG2s—Gate-Two—Source Voltage-V 
FIGURE 7 FIGURE 8 

Gig, big vs F 


Components of input Admittance—mmho 


0.01 marti mati 


Components of Forward Transfer Admittance—mmho 


10 4 100 400-1000 
f—Frequency—MHz f—Frequency—MHz 
FIGURE 9 FIGURE 10 


P Gos: bos vs f 
t 100 
T 2 40 Vps = 15V 
8 E Voas = 4V 
£ Ip = 15 mA 
§ 8 10 
: a 4 bos = Yos(imag) 
z z 
& s 1 
a 
H é 0.4 
s 2 01 Gas = Vos(reat} 
zg € 
i f 0.04 
0.01 0.01 Lad 
8 10 40 100 ‘1000 
1 
{-Fraquency-MHr 0 40 100 400 1000 
t—Frequency—-MHz 
FIGURE 11 FIGURE 12 
NOTE 4: Capacitance measurements were made using chips mounted in TO-72 packages. 
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CHIP TYPE MN85 
N-CHANNEL DUAL-GATE DEPLETION-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS AT Ta = 25°C 


Gis. bjs v8 VG25 


Gos—Output Conductance—mmho 


= Vis(real) 


Components of input Admittance—mmho 


0 2 4 6 B8 1 12 14 16 ns 


Vog—Drain-Source Voltage—V 
FIGURE 13 FIGURE 14 


VG25—Gate-Two-Source Voltage-V 


Yos—Output Cenductance—mmho 


Components of Output Admittance—mmho 


2 tT 0 1 2 3 4 
Ve2g—Gate-Two—Source Voltage-V 


VG2S-Gate Two-Source Voltage~V 
FIGURE 15 FIGURE 16 


Sts. bfs vs VG2s 


36 -—+— 
Vps* 18 V 
sol vsriey 1 
V61s 70 

f f= 45 MHz 


Components of Forward Transfer Admittance—mmho 


Components of Forward Transfer Admittance—mmho 


~1 0 1 2 3 4 
VG25—Gate-Two—Source Valtage—V VG2s--Gate-Two-Source Voltage—V 


FIGURE 17 FIGURE 18 
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CHIP TYPE MPS91 
P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


e MP91 is a 20 X 20-mil, epitaxial, planar, expanded-contact MOS 
silicon chip 

e Available in TO-72 packages 

e For use in switching and chopper circuits 


electrical and operating characteristics at 25°C free-air temperature 


VED 
PARAMETER CONDITIONSt oeee sous UNIT 
LOW TYP HIGH 


Pigssn Reverse Gate Terminat Gurront | Vqs=40V, Vps=0————SS—~d SSS 10 | 
: 5 nA] 
a[ na 


-1 
1 
Vps==15V,__Vas=0 
Isps Zero-Gate-Voltage Source Current | Vgp = —20V, Vep = 9, Vup = 0 nA 
[Vasten) _GateSource Treshold Vole —[Vog=—18V.Ip=—10A—SCSC=*dtC 88d 
Toten) OnState Drain Guvrent_ | Vpg=-18V. _Vqg=-10V, SeeNowt [8-20-20] 


Smail-Signal Drain-Source Vgs=—10V, Ip = 0, f= 1kHz 
‘dston) —_n-state Resistance Vos=—-20V,Ip=0, f= 1kHz T1580 250] 
veel Smatt-Signal Common-Source | 1 a2 8 
S ; 
Saver Transfer Admittance Vps = —15V, Ip =—10 mA, f=1kHe : 
Vos! Smalt-Signal Cammnorseures 
Output Admittance 
é Common-Source Short-Circuit Vos =—15V, Ves = 0, f= 1MHz, | ae 
= Input Capacitance See Note 2 
é Common-Source Short-Circuit Vps = 9, Ves = 9, f= 1MHz, | 08 os 
res Reverse Transfer Capacitance See Note 2 
c Common-Source Short-Circuit Vps = —15V, Ves = 9, f= 1 MHz, 
oe Output Capacitance See Note 2 


Vop = -15V, ID(on) ¥ -10 mA, Ry = 1.4k2, 
VGSion) ~ —10 V, VGsioff) = 9, Rg = 1.4 kQ, 
Figure 1 Circuit 


Turn-On Del i 
salon) se ti elay Time Vpp = -15V, ID(on) *-2mMA, RL=8.2ko, 
ise Time 
- Vesion) *—19 V, VEstott) = 9 Rg = 4.5 ka, 


tdloff) Turn-Off Delay Time 
tt Fall Time 


Figure 2 Circuit 


tT All measurements, except tsps. are made with the case and substrate connected to the source. 
*This value does not modify guaranteed limits for specific devices and does not justify operation in excess of absolute maximum ratings. 
CAUTION: The measurement of V(BR)DSS may be destructive. 
NOTES: 1. This parameter was measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
2. Capacitance measurements were made using chips mounted in TO-72 packages. 
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CHIP TYPE MP91 
P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


-15V tp < ins teS ins 
tw INPUT 
R 
L -0V --- ; 
OUTPUT ! 1 
tdton) —* a eh talotf) 
ty — — — ~— tf 
‘ 
’ ' 
H : OUTPUT 
10% 10% 
= = (See Notes a and b) 
TEST CIRCUITS VOLTAGE WAVEFORMS 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Zoyr= 50 2, ty * 100 ns, duty cycie < 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: ty < 1 ns, Rin > 100 k®, Ci, <2 OF. 


FIGURE 1—SWITCHING TIMES 


tp < tas tp< ins 


INPUT 


-18V 


Ri 


OUTPUT 


OUTPUT 


(See Notes a and b) 
TEST CIRCUITS VOLTAGE WAVEFORMS 


NOTES: s. The input waveforms are supplied by a generator with the following characteristics: Zout = 50 2, ty * 100 ns, duty cycle < 2%, 
b. Waveforms are monitored on an oscilloscope with the following characteristics: ty <1 ns, Zj, ¥ 50 Q. 


FIGURE 2—-SWITCHING TIMES 
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Ta—Free-Air Temperature—°C 


FIGURE 3 
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FIGURE 6 
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FIGURE 9 


CHIP TYPE MP91 


P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 


Vesith) v8 TA 


Loo 


& 


1 
- 


VGsith}—Gate-Source Threshold Voltage—V 
I 
n 


=~ = 


Crgs—Reverve Transfer Capecitance—pF 
Beh 


os “ABI 
oa AL fe 
+t 

o2 feet ill 
oL_ LUI 

0.1 04 -1 4 -0 

Vigs—Gate-Source Vottage—V 
FIGURE 7 
td(on)- tr. tdloff): tf ¥5 RL 


Time-ns 


FIGURE 10 


NOTE 2: Capacitance measurements were made using chips mounted in TO-72 packages. 
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fds(on}—Drain-Source On-State Resistence-2 


tds(on) YS TA 


0 -25 0 2% 80 75 100 126 150 


Ta—Free-Air Tamperature—°C 


FIGURE & 


FIGURE 8 


td(on)- tr ta(off). te ¥8 RL 


012346 67 88 0 
Ri —Load Resistance-k& 


FIGURE 117 
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CHIP TYPE MP92 
P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


@ MP92 is a 25 X 25-mil, epitaxial, planar, expanded-contact MOS 
silicon chip available with or without gate-protection diodes 


e Available in TO-72 packages 


e@ For use in chopper, multiplexer, and commutator circuits p>-4- 


electrical and operating characteristics at 25°C free-air temperature 


vance 
one = 
=a 

Ip: = 

Ig 


OBSERVED VALUES 


r 
fe] 
= 
+ 
< 
<u 
z 
Q 
= 


¢ 
xe] Bo] 
4 


Zero-Gate-Voltage 
Vps=-15V, Vv (0) -<0.1 -1 

Zero-Gate-Vol tage 

Vsp = —-18V, V6p = 9, Vup =0 -—<0.1 


VGs(th) Gate-Source Threshold Voltage Vps = —-15V, Ip =—10 vA 


J 


Ka 
Vas Gate-Source Voltage Vos = -15V, 1p = —8mA 45 6 -8 
ID(on) On-State Drain Current Vps = —15V, Vgs = —15V, See Note 2 40-60 —120] ma | 
F Small-Signal Drain-Source PE a Le ee 
son) OnState Resistance [Ves=-10V,Ip=0, teks TSS 
Mel Fonerttantraaminse | YOST~H6¥, tosntma,  totute [a8 42 65mm 
Wosl plea dota eiegraas Vps=-15V, Ip =—8 mA, = 1 kHe 80 250 
a Common-Source Short-Circuit Vps = -15 V, Ip =—8mA, f= 1MHz, |e t0 or 
is input Capacitance See Note 3 
é Common-Source Short-Circuit Vps=—15V, Ip =—8 mA, f= 1MHz, fa af or 
uss Reverse Transfer Capacitance See Note 3 . 
talon) Turn-On Delay Time jC 
fi, Rie Time | Vp =—10¥, Ip fony =-10 mA, Vosion) =—18 VB 
tdloft) Turn-Off Delay Time VGs(oft) = 9, See Figure 1 jl 
[te Fall Time ae eee 


TAI measurements except ISD are made with the case and substrate connected to the source, 
*This value does not modify guaranteed limits for specific devices and does not justify operation in excess of absolute maximum ratings, 
"These parameters apply only for chips having protective diodes, 
®This parameter applies only for chips not having protective diodes. 
NOTES: 1. To ensure that the protective diode is functioning properly, this voltage is measured while the device is conducting rated forward 
gate current. 
2. This parameter was measured using pulse techniques, tw = 300 ys, duty cycle < 2%, 
3. Capacitance measurements were made using chips mounted in TO-72 packages. 
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CHIP TYPE MP92 
P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


ty <1 ns te <1 ns 
-10V ee =~ 
/ RL= (Dien) 
INPUT 
OUTPUT 
-15V —~) } 
tdion) >] | taloff fe 
INPUT io 
>| tre —s] ts ~~ 
502 | 90% 90% ! 
OUTPUT | ! 
10% 10% 


(See Notes a and b) 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES. a. The Input waveforms are supplied by a generator with the following characteristics: Zour 50 Q, ty = 200 ns, duty cycle < 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t; < 1 ns, Rip, > 100 k2L, Cin & 7 PF. 


FIGURE 1—SWITCHING TIMES 
TYPICAL CHARACTERISTICSt 


lessr v8 Ta ipss. Isps vs TA 


(Devices with Protective Olodes) 


a LJ BB. wo 13 190 nae) 5 % 100 125 190 
TPree Aw TemperamureC Ty -Freeair Tempereture~°C 
FIGURE 2 FIGURE 3 
Ip vs Vos 


Vg Drain-Gource Voteage—V 


FIGURE 4 FIGURE 5 


TAU measurements except Igng were made with the case and substrate connected to the source. 


NOTE 2: These parameters were measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
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5-48 


CHIP TYPE MP92 
P-CHANNEL ENHANCEMENT-TYPE 


INSULATED-GATE FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICSt 


tht Au il 
ea TTT 


a IN 


[Ta = torre] 
Ht | MN 
HT 
| rine WT 


“A i TC 


|Yaf-Forwerd Trenter Admnittence—ymio 


Ciss~Input Capacit 


0 
0.1 -0.2 -0.4 -1 -2 -4 -10 
VGgs—Gate-Source Voitage—V 
FIGURE 8 


fds(on) 8 TA 


[Le 


aT Vag = -10V 


fds(on}—Smail-Signal On-State Resistance 


0 
76 -60 -28 0 2 50 76 100 125 
Ta—Free-Air Temperature—"C 


FIGURE 10 


0 + ~10 =16 =20 28 
(y—Orein Current—mA 


FIGURE 7 


Crsg—Reverse Transfer Capacitance—pF 


oe nw eT w®m 


0.1 -0.2 04 ~1 -2 0 4 -10 
VGs—Gste-Source Vottage—V 


FIGURE 9 


talon), tr. ta(off), t# ¥8 ID(on) 


t “2 <4 -7 -10 -20 «oO 
"fen ~OrBtate Drain Current—mA 


FIGURE 11 


TAN measurements except Igpog were made with the case and substrate connected to the source. 
NOTES: 3. Capacitance measurements were made using chips mounted in TO-72 packages. 


5. To avoid overheating the transistor, these parameters were measured with bias conditions applied for less then five seconds, 
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INSTRUMENTS 
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CHIP TYPE MP93 
P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


e@ MP93 isa 17 X 20-mil, epitaxial, planar, expanded-contact 


MOS silicon chip 

e Available in TO-72 packages 

e For use in series- and shunt-chopper, multiplexer, and 
commutator circuits 


electrical and operating characteristics at 25°C free-air temperature 


a 
Migssr Forward Gate-Terminal Current |Vgs=-30V, Vps-O | <1 = 2.6] A 
l'Gssh Reverse Gate-Terminal Current |[VGs=30V,  Vps-O | ST 25 A 
'pss Zero-Gate-Voltege Drain Current [Vps=-30V, Vas-0 | ST = 5| nA | 
isos Zero-Gate-Voltage Source Current | Vsp=—90V,  Vap=Vup=0_ | =<T__ 8 nA 
IDion) —_On-State Drain Current | mA | 
rdston) pena Sataes Vgs=-15V, Ip =0, f= 1 kHz 500 1000 a | 


Smatl-Signal Common-Source 
Forward Transfer Admittance 
Small-Signal Common-Source 
Output Admittance 


ves! Vps=-15V, Vg@g=-15V, f= 1 kHz, 


See Note 2 


Wos| 


c: Common-Souree Short-Circuit Vps = —15V, Ves = —i8V, #=1MHz, 
ba Input Capacitance See Notes 2 and 3 

Ct pn Tent Cpectce 
bd Reverse Transfer Capacitance See Note 3 é : 


td(on) Turn-On Delay Time 


Vop*-10¥, —Ipfon)=-1mA, R= 9A, 
taloff) Turn-Off Delay Time Vesion) =—-18 V. Vestoft) = 9 See Figure 1 


tf Fall Time 


NOTES: 1, This parameter was measured using pulse techniques. ty = 300 ys, duty cycle < 2%. 
2. To avoid overheating the transistor, this parameter must be measured with bias conditions applied for Jess than five seconds. 
8. Capacitance measurements were made using chips mounted in TO-72 packages. 


a 
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CHIP TYPE MP93 
P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 
‘ov tr <1ns ty <1 ns 


0 
tw 
AL INPUT 
-15V—— , 


OUTPUT \ 
INPUT — aie — fey 
90% 
: OUTPUT 

502 av L 10% 10% 
= a RL= —— 
= = '!p(on) 

TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a. The input waveforms are supplied by s generator with the following characteristics: Zour = 50 2; ty = 200 ns, duty cycle < 2%, 
b. Waveforms are monitored on an oscilloscope with the following characteristics: ty < 1 ns, Rj, > 100 k&, Cin <7 pF. 


FIGURE 1—SWITCHING TIMES 
TYPICAL CHARACTERISTICS 


[¥fs| ¥5 Ip ‘ds(on) ¥5 Vas 


| | tartre] 
ae Etech 
ee 
baa es 
SEl eee 
od | 


Oo -2 4 -6 -8 -10 12 -14 -16 -18 —20 0 -2 -¢ + -8 -10 -12 -14 -18 -18 -20 


Vag -Gatodouse Vottaye—V Vgg~Getefource Votteye—V 
FIGURE 2 FIGURE 4 
Ciss v8 Ves tdion)- tr. td(off), tt ¥8 Dion) 


Voo = -10¥ 
Ta = 26°C 
Figure 1 Circuit 


a als 

Ht 
N \ 

TE a | | Pee ATT | 

BO ae 


LUT TTT 10 PAH 
~O1 ye) 4 +10 0 
Vgg-Gate Source Vottage—V eee 
FIGURE 5 FIGURE 6 FIGURE 7 


NOTES: 1. This parameter was measured using pulse techniques. tw = 300 us, duty cycle < 2%, 
. 2. To avoid overheating the transistor, this parameter must be measured with blas conditions applied for less than five seconds, 
3. Capacitance measurements were made using chips mounted in TO-72 packages, 
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CHIP TYPE MP94 
DUAL P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


© MP94isa 26 X 38-mil, epitaxial, planar, expanded-contact, MOS ; 
silicon chip containing two transistors available with or 
without gate-protection diodes 


e Available in TO-76 packages 


e For use in switching and chopper circuits 


electrical characteristics at 25°C free-air temperature 


PARAMETER CONDITIONSt UNIT 


V(BR)GSSE™ Gate-Source Forward Breakdown Voltage |!G = —100 #A, Vps = 0, See Note 1 
geee= Gate-Terminal Forward Gurrent___[Vag=—18V. Vps=0 | SAY 
lGssre Gate-Terminal Forward Current [Vcs-—25V, Vps=0 
Small-Signa! Drain-Source 
Common-Source Short-Circuit 
i Vps =—-20V, Ves=9 
input Capacitance 


c Common-Source Short-Circuit Vos =O0V, Ves =0 
rss Reverse Transfer Capacitance Vps=—-20V, VGs=9 


Drain-Source Capacitance Vps =—-20V, VGs=0 


See Notes 


tEor all measurements except Cyg, the drain, source, and gate leads of the transistor not under test and the common substrate are grounded. 


For testing Igps, ground is the drain of the transistor under test, but for all other measurements, it is the source. 
This value does not modify guaranteed limits for specific devices and does not justify operation in excess of absolute maximum ratings. 
®+hese parameters apply only for chips having protective diodes. 
“These parameters apply only for chips not having protective diodes. 
NOTES: 1. To ensure that the protective diode is functioning properly, 
gate current. 
2. This parameter was measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
3. Capacitance measurements were made using chips mounted in TO-76 packages. 
4. Cag measurement employs a three-terminal capacitance bridge incorporating a guard circuit. 
transistors except the drain and source of the transistor under test are connected to the guard terminal of the bridge. 


this voltage is measured while the device is conducting rated forward 


The case and all terminals of both 


een 
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CHIP TYPE MP94 
DUAL P-CHANNEL ENHANCEMENT-TYPE 
INSULATED-GATE FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 


iGssr vs Ta 
{Devices without Protective Diodes) 


lGssF vs Ta 


~-70 


ry es a a 
Z| 


IGsgr—Forward Gate-Terminal Current—nA 
{GgsF—Forward Gate-Terminal Current—pA 
( 
“ 


2 50 75 100 126 150 2 50 7 100 126 1650 


Ta—Free-Air Temperature—C Ta—Free-Air Temperature—"C 


FIGURE 1 


FIGURE 2 


iy 
Vpss—Zero-Gate-Vottage Drain Current—nA 


{spg~—Zero-Gate-Voltage Source Current—nA, 


26 50 76 100 126 150 
Ta—Free-Air Temperature—"C 


Ta—Free-Air Temperature—"C 


FIGURE 4 FIGURE 5 
"dston) YS TA Cig vs Ves 
400 5 
“” I 
3 BNiII 
2 a4 
3 200 us 
ec I 
rH 8 
z™ 53 
6 200 EH 
8 8 
2 150 32 
8 2 
€ 1 [Vos=-20V 
& > ves=-15v éd 1;¥us=0 
Ae Ip=0 f= MHz 
§ SF tetkhz -Ta = 28°C 
3 pLYus=° o [See Notes 3 and 5 


60-25 0 25 50 75 100 125 150 
Ta-Free-Air Temperature—"C 


04 -1 4 
Vgg—Gate-Source Voltage—V 


-10 


FIGURE 7 FIGURE 8 


NOTES: 3. Capacitance Measurements were made using chips mounted in TO-76 packages. 


'Gssp—Reverse Gate-Terminat Current—pA 
- > 
aw avs 8 8 38 BS 


8 


Crss—Reverse Transfer Capacitance—pF 


'Gsspr vs Ta 


{Devices without Protective Diodes) 
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FIGURE 3 
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FIGURE 6 


-10 
VGgs—Gate-Source Voltage—V 


FIGURE 9 


5. To avoid overheating the transistor, these parameters were measured with bias Conditions applied for less than five seconds. 
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CHIP TYPE Ni 
N-P-N SILICON TRANSISTORS 


e N11 isa 16 X 16-mil, melt-grown (non-epitaxial), planar, 


direct-contact chip 
e Available in TO-18, TO-71, and a short-can version of 

TO-78 packages 
e For use in low-level, low-noise, high-gain amplifier circuits — 


electrical and operating characteristics at 25°C free-air temperature 


ViBRICBO Collector-Base Breakdown Voltage | Ic = 10 HA, le =0 | 100% 150 


Collector-Emitter 
Vv Ic = 10mA, tg = 9, See Note 1 55¢ 75 Vv 
ae Breakdown Voltage pe 


ViBRIEBO Emitter-Base Breakdown Voltage | IE = 10 nA, Ic=0 7 to 
IcBo Collector Cutoff Current Vop = 45. le =90 DE 


180 Emittr Cutoff Gurrent egeOVE le Oe eet tO | 


Static Forward Current 


Voe=5V,__I¢= 100A [75250 
Vce=8V, 1c = 10 mA, See Note 1 170 290 800 


Transfer Ratio 


Woe=5V.tc=100uA [6 0.78) 
VBE Base-Emitter Voltage : ce £ ~ 0.65 0.95 
y Collector-Emitter Ip = 100 nA In=1mA Vv 
CEl(satl saturation Voltage B eee . 


Smail-Signal Common-Emitter 
Input Impedance 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio 
Small-Signal Common-Emitter 
Reverse Voltage Transfer Ratio 


= “Emi 
fies Smail-Signal Common-Emitter 2 40 
Output Admittance 
Smalt-Signal Common-Emitter 
Vcez5V, Ic = 500 pA, f = 30 MHz 
rel Forward Current Transfer Ratio Neesev,torstoon, reso | ts aa | 
Common-Base Open-Circuit Vop=5V, le = 0, f= 1 MHz, 
Output Capacitance See Notes 2 and 3 
C Common-Base Open-Circuit Vep=O5V, Ic #90, f= 1MHz, 
ibo Input Capacitance See Notes 2 and 3 
Vep=5V, le = 0, f= 1 MHz, 
Coll -Base Capacit 
Vep™5V. ic = 0, #=1MbHz, 
Emitter-B i 
Ceb mitter-Base Capacitance See Notes 2 and 3 


= Vce=5V, ie=10nA, Rg = 10ka, 
ra 
F Reece Noe er Noise Bandwidth = 15.7 kHz, See Note 4 
VeEe=5V, 1e= 10 nA, Rg = 10ka, 
f= 100 Hz 


hie 


Vce=5V, ic = 104A, Rg = 10k, 
s ‘i ‘i 
pot Noise Figure fe 1kHz 
Vee =5V. ic = 10 nA, Rg = 10 ka, 
f= 10 kHz 


Refer to notes on the following page. 
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CHIP TYPE N11 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


i : : 
I i pe ie th a 

3 5 ee i UIE 
§ I 79, = 4 ati) th 
: : fH Ht Ml 
g pr A | 
LAUT CITT CT TT 
25 50 75 100 125 150 0.001 0.03 0.10 04 1 4 10 

Ta — Free-Air Temperature ~ °C te — Collector Current — mA 

FIGURE 1 FIGURE 2 
bre vs Ic 
400 


hpe — Static Forword Current Transfer Ratio 


100 
9.00% 6.08 Of 04 1 4 10 
le = Collector Current ~ mA 
FIGURE 3 


VcE(sat) 5 Ta 


Vag — Bote - Emitter Vottoge ~ y 


V celuat) ~ Colliector=Emitter Saturation Voltage — V 


35 “50 +25 0 2% $0 75 100 125 
Ta — FreeAir Temperature — °C Ta — Free-Air Temperature = °C 


FIGURE 4 FIGURE 5 


3. Cop and Ceb measurements employ a three-terminal Capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or collector, respectively) is connected to the guard terminal of the bridge. Cobo 8nd Cibo measurements are made with the third 


4. Average Noise Figure was measured in an amplifier with response down 3 4B at 10 Hz and 10 kHz and 4 high-frequency roll-off of 
6 dB/octave. 
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CHIP TYPE Nil 
N-P-N SILICON TRANSISTORS 


ee 


TYPICAL CHARACTERISTICS 


hfe vs Ic 
1000 
2 70 
| a 
q aa 3 
l ' oe St itil } 
{ ic coll by 
7 + 758 + 
t i et 
j Ps | ot 
: iil 
% 01 0.04 0.1 04 1 ‘ 10 
lg —= Collector Current — mA lg — Collector Current — mA Ig — Collector Current — mA 
FIGURE 6 FIGURE 7 FIGURE 8 
hog V8 Ic 3 heelys Ic Cobo: Ceb v8 VcB 

1000 5 Fa 8 * 

: Paes fs 
1 EH ag 
ital 7 = 
|- ve oy eT 
i A 
ce | Hh TETAS 
. Resi stil: Reni atiua 

bor 0.06 0.1 O41 rar) o6 1 02 04 O75 2 4.70 %. V 4 10 40 

bg = Collector Currant — mA = le — Collector Current — mA — Collector-base Voltoye — V 
FIGURE 9 FIGURE 10 FIGURE 11 


Cibo. Cop v8 VEB Fvsf 


CT a 
i 
NK a 


Seema 


F — Spot Noise Figuee — dB 
3 


at et a 
veil a : 
Sy iia 


1" 


F — Average Noite Figure — dB 


2 
° . 
0.0 O41 = 10 40 100 0.01 01 04 1 4 10 40 100 
‘ Deve Rg — Generator Resistance — kt f = Frequency — kHz 
fen — Emitt lage — V 
FIGURE 12 FIGURE 13 — FIGURE 14 


NOTES: 2. Capacitance measurements were made using chips mounted in TO-18 packages. 

3. Ceb and Ceb measurements employ a three-terminal capacitance bridge incorporating @ guard circuit. The third electrode (emitter 
or collector, respectively) is connected to the guard terminal of the bridge. Cop, and Cipo Measurements are made with the third 
terminal floating. 

4. Average Noise Figure was measured in an amplifier with response down 3 dB st 10 Hz and 10 kHz and a high-frequency roll-off 


of 6 dB/octeve. 
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CHIP TYPE N12 
N-P-N SILICON TRANSISTORS 


e N12 isa 21 X 21-mil, epitaxial, planar, direct-contact, double-emitter chip 
© Available in TO-72 packages 
© For use in low-level, high-speed chopper circuits requiring the very low 
offset voltage of double-emitter transistors 
electrical characteristics at 25°C free-air temperature 


| OBSERVED VALUES | VALUES 
PARAMETER CONDITIONS LOW TYP HIGH Junie 
Coliector-Base 
Vv tc = 100 uA, ler =leg= 40¢ 100 Vv 
(BR)CBO Breakdown Voltage cm 1004 €1"leQ=0 Fv | 
Emitter-Base 
= = Vv 
V(BRIEBO Breakdown Voitage tia Bie raced pee fv 
Emitter-Emitter 
= . =0, Vv 
VIBRIETE2 Breakdown Voitage etree ici eee fae am |v | 


Hicpo____Cotetor Gutott Curent [ Veg =80V, ten = ig] an a0) 
}e50____Emiter Gutotf Gurent_"[ Vep=8V, ig=6, See Now) | <n 10+ 
HE1E2oH) Emit Gutotf current | Veyeg= #16V. Veg, See Now? | ~"sco.0t 319} 
PMevezioty||_EmitwrEmictr Ofte Volape [igs tma, ley -tege@ 


Offset Voltage Change 
AVE1E2(ofs) lalg with Base Current 'B(1) "= 1.5MA, 1g(2)= 0.5 mA, IE, =lE2=0 “ 


3 
Be 


Offset Voltage Change Ig =1mA, fer =le2=0, Tagq) = 100°C, 

Vv 17 Vv 
AVETE2(ofs) lata with Temperaturet Ta(2) = —26°C 2 sla 
Vec Base-Collector Voltage Ig =1mA, ler=le2=0 a Ss a 

Smat!-Signat Emitter-Emitter ig=1mA, leq =le2=0, [p= 100uA, 
fete2(on) On-State Resistance f=1kHz ces 


ter Vce =5V, ic =1mA, f = 20 MHz, 
fr Transition Frequency See Note 1 
ae a ee 
_ Output Capacitance See Note 3 
Ibo Input Capacitance See Notes 1 end 3 


*These values do not modify guaranteed limits for specific devices and do Not justify operation in excess of absolute maximum ratings. 
totteet Voltage Change is defined es the magnitude of the algebraic difference between the offset Voltages at two specified base currents or 
temperatures, 
NOTES: 1. These values apply seperately for each emitter with the other emitter open-circuited, 
2. These parameters were measured with the collector short-circuited to the base but open-circulted with respect to the emitters, 
The values apply for both polarities of emitter-to-emitter voltage, 
Capacitance measurements were made using chips mounted in TO-72 packages, 


———— 
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: 


ll 
iil 


1E1E2toft}—Emitter Cutoff Current—nA 


Ta—Free-Air Temperature—"C 
FIGURE 1 


Vec—Base-Collector Voltage—V 
es § g 


Ig—Base Current—mA 


FIGURE 4 


Tetezion) ¥3 IB 


1 
9.01 0.04 0,1 O41 4 10 
(p—Base-Current-mA 


FIGURE 7 


NOTES: 1, These values apply separately for each emitter wit 
2 arameters Were measured with the collector 
apply for both polarities of emitter-to-emitter voltage. 


values 


CHIP TYPE Ni2 


N-P-N SILICON TRANSISTORS 


1-1 y-E 


TYPICAL CHARACTERISTICS 


lE1E2(off) “8 TA 


‘See Note 2 


re ] 60 78 100 126, 
Ta-Free-Air Temperature—"C 
FIGURE 2 


VE1E2(ofs) 8 TA 


VE1E2(ofs)t—Emitter-Emitter Offset Voltage—”nV 


Ta—Free-Air Temperatuce—"C 


FIGURE 5 

Cobo vs Vc 
i 

6 

4 

a 
| 2 

1 

° Bee Note 3 
4d oO 0.4 1 4 10 “0 

Vep-Collector-Bave Voltage-—V 
FIGURE 8 


3, Capacitance measurements were made using chips mounted In TO-72 packages. 


the polarity of the offeet voltage at Ta = 25 


°C and Ig = 1 mA was arbitrarily assumed to be positive. 


ih the other emitter open-clroulted, 
ahort-olroulted to the base but open-clrouited with respect to the emitters. The 


1 4—Emitter Current—mA 


(ofa) t—Emitter-Emitter Offset Voitage—uV 


VE1E2 
Cayo Comemon-Base Open-Circuit Input Capacitance—pF 


leq vs VE1E2 


-1 06 020 02 os 1 
VeE1E2—Emitter-One—Emitter-Two Voltege—V 
FIGURE 3 
VE1E2(ofs) ¥8 'B 


901 O04 04 a4 1 4 710 
Ig—Baese Current—mA 


FIGURE 6 


Cibo vs Ves 


=o 


Ig» 


@O}t=1MHz 
g{TA" 25°C 
See Notes | end 3 
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6 
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4 
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4 

a 

oO 04 1 4 10 40 

Vep-Smitter-Base Voltege~V 
FIGURE @ 
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CHIP TYPE N13 
N-P-N SILICON TRANSISTORS 


@ N13 is a 26 X 26-mil, epitaxial, planar, direct-contact chip 

¢ Available in TO-18, TO-39, plastic dual-in-line quad, and 
Silectt packages 

e For use as a high-speed, high-current, memory-core driver 
or in other medium-current (to 1.5 A) switching circuits 


elactrical and operating characteristics at 25°C free-air temperature 


PARAMETER CONDITIONS 
V(BR)CBO Collector-Base Breakdown Voltage 


‘ Collector-Emitter 
(BRICEO Breakdown Voltage 
ViBRIEBO Emitter-Base Breakdown Voltage 


IcBo Collector Cutoff Current Vop = 40V, le= 


Ices Collector Cutoff Current Vce = 50 V, Vee 20 


DB VALUE: 
OBSERVED VALUES UNIT 
Sas al 


3 


tc =10 mA, Ig = 0, See Note 1 


<| < 


o 
eo 


est | 
ean) 


=z 
> 


Vce=1V, Ic = 100 mA 
Vce=1V, Ic = 500 mA See Note 1 


Static Forward Current 


Transfer Ratio 


: 1c = 100 mA 
= ; Ig = 500 mA See Note 1 08 090 11| Vv 
ig = 100 mA, Ie=iA 


ig=1mA, c= 10 mA 0.20 03 
Ig = 10 mA, I¢ = 100 mA 0.18 0.3 

See Note 1 v 
Ip=80mA, c= 500mA a 
ip=100mA, Ig= 1A a a) 
fr Transition Frequency Vee =5V, Io = 50 mA, f = 100 MHz 300 = 380 


c Common-Base Open-Circuit Veg = 10 V, ig = 0, f= 1 MHz, 
‘obo Output Capacitance See Note 2 


VBE Base-Emitter Voltage 


o 
3 
3 


io 
a 
Ze 
ra) 
3 
> 
° 
“i 
a 
2 
o 


Collector-Emitter 


.7 
CElsat) Saturation Voltage 


CG Common-Base Open-Circuit Veg= 0.6 V, [¢ = 0, f= 1 MHz, 
(bo Input Capacitance See Note 2 

ta Delay Time Veco = 30V, tc ~ 500 mA, 2N3724 

t Rise Time tg(1) * 50 mA, VBE (off) * —3.8 V|Data 


[ey Storge Tine FV ec = 80, ig = 00 ma, 
Ia(1) % 60mA,__ Igta) » -60mA 


ime 
td Delay Time 
tr Rise Time 


tT Trademark of Texas Instruments 


*These values do Not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1, These parameters were measured using pulse techniques. tw * 300 us, duty cycle < 2%, 
2. Capacitance measurements were made using chips mounted in TO-39 packages. 


8 
a 


Vec = 30V, Ic * 500 mA, 1B(1) * 50 mA, 
1B(2) * -50 mA, VBE (off) ¥ —4.1 V,See Figure 1 


eee esssncensneswescssresssss 
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CHIP TYPE N13 
N-P-N SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


Vpp =—4.1V Veco =30V tp < 1ns te < 3ns 
10V--- 
1k2 Ri INPUT 
ov ' 
a OUTPUT leton | We tort + 
at am sa | 
INPUT a 1! 
Re + tr — — *§ e_ 
502 10% | ! 10% 
Voc-Vce | ! 
= _ Svolts SR, = Vcec—V CE (sat) OUTPUT 
Rp = ara Ic 90% 90% 


(See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Zoyt = 50 2, tw < 200 ns, duty cycle & 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: ty < 1 ns, Rig > 100 kQ, Cin <7 PF. 


FIGURE 1—SWITCHING TIMES 
TYPICAL CHARACTERISTICS 


\cBo 8 TA hee ws ic hee vs Ic 
2 
es Reed a eee 
+ cS OF see Note 3 aT NL | All 
§ 9 as 
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2 680 76 100 125 150 aie 10.000 
Ta—Free-Air Temperature—"C. - edie Current — mA Ig — Collector Current — mA 
FIGURE 2 FIGURE 3 FIGURE 4 
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3 mn all é * oa LIM ts i 
§ 80 ee aa i 4 
; fae : ‘i : 
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om elicons eae —m™ tg — Collector Current — mA lg — Collector Current — mA 
FIGURE 5 FIGURE 6 FIGURE 7 


NOTE 1: These parameters were measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
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CHIP TYPE N13 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Cobo vs Vex Cibo ¥s VEB 
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toa i NET i 
y J c 
jC 
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E teva TTT ; 
JG 2b ta-28°c cd 
oLeenen2 tll TUT TT] 
10 20 40 70100 200 400 ae tia F 1 4 10 40 ( 
\¢-Collector Current—mA ‘cn ~— Collector-Base Voltoge — V Veg —~ Emitter-Base Voltage — V 
FIGURE 8 FIGURE 9 FIGURE 10 
tg, ty, ty, te v8 Ta 
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aaa Vee=30V, tgs oe 
teay =5OmA, laay =-5O0 mA, 
eaie Vee (ort) 773-8 V, 2N3724 Circuit 
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ld 
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Ig — Collector Current — mA T, — Free-Air Temperature — °C 
FIGURE 11 FIGURE 12 


NOTE 2: Capacitance measurements were made using chips mounted in TO-39 packages. 
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Yaa) — Turn-Off Base Current — mA 


Vee lott) ~~ Off-State Base-Emitter Voltage — V 


Vec = 30V 
ic = 500 mA 
Rg = 1002 
Ta = 26°C 


ee a 
| yevm—d | | P| 
ee aS Bi 
yV AL VLA 

LAL 


ay 


Contours of Constant ta 


FIGURE 13 
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— Turn-On Base Current — mA 


FIGURE 15 
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CHIP TYPE N13 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Contours of Constant t, 


2N2734 Circuit 


lea) — Turn-On Bose Current — mA 


10 - 
50 70 100 : 200 300 400 500 
\¢ — Collector Current — mA 


FIGURE 14 


Contours of Constant t¢ 


4a (2) — Turn-Off Base Current — mA 


50 175 200 0 25 50 75 100 125 150 175 200 
tea) — Turn-On Base Current — mA 


FIGURE 16 
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Ig =1mA, Ic = 10 mA 0.6 0.75 0.9 
v Base-Emitter Volta: See Note 1 Vv 
Ig= Sma, Ic = 50 mA ei OP e022 


CHIP TYPE N14 
N-P-N SILICON TRANSISTORS 


e N14 is a 20 X 20-mil, epitaxial, planar, direct-contact chip 
e Available in Silectt Packages 


e For use in general purpose, saturated switching, and amplifier circuits 


electrical and operating characteristics at 25°C free-air temperature 


OBSERVED VALUES 
1 (T 
PARAMETER CONDITIONS Low Typ nien| UN 


V(BR)CBO Collector-Base Breakdown Voltage | Ic = 10 4A, | 5s0* 100 | 


Ie =0 
v Rollscter Fuca Ic=1mA Ip=0 See Note 1 
(BRICEO pp eakdown Voltage c Z Bes 


V(BRIEBO Emitter-Base Breakdown Voltage | Ie = 10 HA, Ic =0 | se 7 | 


IcBo Collector Cutoff Current Vcp = 30V, le =0 


Vee =1V, t= 100A [2080 


VcE=1V, Ic=1mA 35 110 


s¢ 7 
VceE=1V, Ic =10mA 50 150 300 
Voe=1V, Io = 50mA See Note 1 30 =110 
Vor=1V,1¢= 100mA [1560 


Static Forward Current 
Transfer Ratio 


Collector-Emitter IB=1mA, le =10mA 0.10 0.25 
VcE (sat) See Note 1 


Saturation Voltage Ip =5mA, Io = 50mA 


‘ Small-Signal Common-Emitter 
- Input Impedance 


Small-Signal Common-Emitter 


1 3.7 40 


he 50 140 400 


e Forward Current Transfer Ratio 
ba Reverse Voltage Transfer Ratio 10-4 10-4 10-4 
hoe Small-Signal eemmon-Emtter : 8 40|umho 
Output Admittance 
c Common-Base Open-Circuit Vcp=5V, Ie = 90, f= 1MHz, 
‘obo Output Capacitance See Note 2 
CG Common-Base Open-Circuit Vep=O0.5V, Ic = 0, f= 1 MHz, 
ibo Input Capacitance See Note 2 


re Noise Fi Vee =5V, {c= 100 uA, Rg =1ka, 
el joise Figure 
balsas eal Noise Bandwidth = 15.7 kHz, See Note 3 


z 
t, 
t 
y 
t 


In(t~1mA, __VBEtott) ~ ~0.8 V[Date 
fis Storage Time ———SSS~d ce =8V, c= 1OmA, ‘| Sheet 


‘$ 
lati) = 1A, tajay*—1mA_|cireut 


t Trademark of Texas Instruments 
hese values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1. These parameters were measured using pulse techniques. ty, = 300 ps, duty cycle < 2%. 
2. Capacitance measurements were made using chips mounted in Silect packages. 
3. Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency roll-off of 
6 dB/octave, 


Voc = 30V, Io ~ 10mA, IB(1) = 1mA, 
IB(2) ¥ —1 mA, VBE loft) * ~4.1 V,See Figure 1 
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CHIP TYPE NV 
N-P-N SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


Veep = -4.1V Vec = 30V ty < Ins te < ins 
10V --—— 
INPUT 
OUTPUT le-ton “ — toff | 
a a t zs | 
INPUT | r : | 
-_ t —l te e— 
10% { | 10% 
+ 5 volts Veo-Vce {sat} 1 1 
= _ Syolts =R, = OUTPUT 
fe o Ic 90% 90% 


(See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 
NOTES: a. a Input waveforms are supplied by a generator with the following characteristics: Zour = 50 9; for measuring tq and ty, 
w * 200 ns, duty cycle < 2%; for measuring t, and %+, ty ~ 10 us, duty cycle < 2%. 
b. Wuvaforni are monitored on an oscilloscope with the following characteristics: ty < 113, Rin > 100 kQ, Ci, <7 PF. 
FIGURE 1—SWITCHING TIMES 


TYPICAL CHARACTERISTICS 


V(BR)CER V3 Ree 


WR 
A 
OT Th 


1 
HA 


1000 


al 
a a 
a 
a 


| 
10 OT mull Rt 


hE E—Static Forward Current Transfer Ratio 


hpE—Static Forward Current Transfer Ratio 
~ 
3 


ViBRICER—Collector-Emitter Breakdown Voltage—V 
~ 
8 


20 
20 Ta = -85°C 
ag i stil LT 
10 100 1k 10k 100 k 1000 k 0.1 04 1 4 10 40 100 0.1 0.4 1 10 40 «100 
Rge—Base-Emitter Resistance—2 Ic—Collector Current—mA i¢-Collector aioe 
FIGURE 2 FIGURE 3 FIGURE 4 


VCE (sat) vs '¢ 


Ce 30 fy ta 
mil 


Conteh 


ul 
COMIN 
aii i 


i¢pQ—Collector Cutotf Current—2A 


VpE—Bese-Emitter Voitege—V 


VCE (sat)—Collector-Emitter Saturation Voltage—V 
o 
s 


0.06 
Ta=-t 
; oD A A 
a 60 78 100 126 160 0.1 04°41 4 10 40 «100 01 04 1 4 10 40 «100 
Ta—Free-Air Temperature—°C ¢—Collector Current-mA Ie-Collector Current—mA 
FIGURE 5 FIGURE 6 FIGURE 7 


NOTE 1: These parameters were measured using pulse techniques. ty = 300 us, duty cycle < 2%, 
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CHIP TYPE NV 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Normalized hig, hte: rg, Rog ¥8 Ic 


8 


UIT | AR 
Ui 
ao, CT TT 


Hybrid Parameters Relative to Values at ic = 1 mA 


0.01 i) 
0. at Oa 1 4 10 40 «100 
ic¢—Collector Current-mA {c—Collector Current—mA 
FIGURE 8 FIGURE 9 
Cob, Cono ¥8 Vee Cibo vs VEB tg vs lc 


le=0 
f= 1MHz 
Ta=26°C 
See Notes 2 and 4 


=n 
Hint 
seus 


Voc = 30V 
VeEtott) * —4.1V 
Ta*26°C 

Hl Figure + Circuit 


Cipo—!nput Capacitance—pF 


O4 04 1 4 10 40 01 0.2 04° #07 1 2 4 1 2 4 710 20 40 70100 
Vep—Collector-Base Voltage—V Vep—Emitter-Base Voltage—V i¢—Collector Current—mA 
FIGURE 10 FIGURE 11 FIGURE 12 


tgvsic 


-—_t+—}-F 
===>) 
re ‘ieee | 


t,—Rise Time—ns 


b Voo = 30V 


| Vaeioty = ~4.1v ooh TT 


[ Ta = 26°C 
‘ Figure 1 Ciroult 


1 2 4 710 20 40 70100 1 2 4 710 20 40 70100 | 2 4 710 20 40 70100 
Ic-Collector Current-mA Ie—Coltector Current=mA i¢—Collector Current=mA 
FIGURE 13 FIGURE 14 FIGURE 18 
NOTES: 1. These parameters were measured using pulse techniques, ty = 300 us, duty cycle < 2%, 

2, Capacitance measurements were made using chips mounted in Silect packages. 

4. Cop measurement employs a three-terminal capacitance bridge Incorporating a guard circuit. The emitter ie connected to the 
guard terminal of the bridge. Can, measurement is made with the third terminal floating, 
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CHIP TYPE N15 
N-P-N SILICON TRANSISTORS 


e N16 is a 36 X 36-mil, epitaxial, planar, direct-contact chip 
e Available in TO-39 and Silectt packages 


e For use in high-voltage amplifier circuits, especially in certain 
critical TV applications 


a 


electrical characteristics at 25°C free-air temperature 


PARAMETER CONDITIONS 
V(BR)CBO Collector-Base Breakdown Voltage | Ic = 100 uA, le =O 


Collector-Emitter 
Vv ic= ‘ =(, N > 
(BR)CEO Breakdown Voltage cz 30mMA tg = 90, See Note 1 250° 350 


OBSERVED VALUES 
LOW. TYP HIGH 
260* 350 


<1 
110 
Vee = 26 V, I¢=5mA 10 70 


Static F dC t 
Bees Te Vee = 25V, I¢ = 30 mA See Note 1 


Voce = 25V, to = 100 mA 
VBE Base-Emitter Voltage Vce = 25 V, lo = 30mA, See Note 1 07 0.8! 


Collector-Emitter 
Vv ig = A, Ic = 30 mA, N 
CE(sat) saturation Voltage Bosm c m See Note 1 


e Input Impedance 
hte Small-Signal Common-Emitter 
Forward Current Transfer Ratio 


20 75 

Vee = 25 V. te =30mA, f=1kH 
i; Smalt-Signal Common-Emitter ce~ 25V, c me " 2x 
re Reverse Voltage Transfer Ratio 10-4 


Transfer Ratio 


< 


= c 
2 < <| <|/<] 2 
Co) - 


Small-Signal Common-Emitter 
Output Admittance 


Common-Base Open-Circuit 
C Vop* 10V, ‘e=0 
‘obo Output Capacitance CB E 


Common-Base Open-Circuit 


f= 1 MHz, 
See Notes 2 and 3 


c . | Veg 20.6 V, I¢=0 
ibo Input Capacitance EB c 


Cob Collector-Base Capacitance Vog * 10V, le =0 
Ceb Emitter-Base Capacitance Veg = 0.6 V, lo=0 


g 
a 


t Trademark of Texas Instruments 
These values do not modify guaranteed limits for specific devices and do not Justify operation In excess of absolute maximum ratings. 
NOTES: 1. This parameter was messured using pulse techniques, ty = 300 ys, duty cycle < 2%. 
2. Capacitance measurements were made using chips mounted in TO-39 packages, 
3. Cop and Cgp measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (ernitter 
or collector, respectively) Is connected to the guard terminal of the bridge. Cog, and Cipg Measurements are made with the third 
terminal floating. 
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CHIP TYPE N15 


N-P-N SILICON TRANSISTORS 


i 
hy — Stotic Forward Current Transfer Ratio 


A 0.4 1 


Ig = Collector Current —mA 


FIGURE 2 


Vgg — bese-tmitter Voltage — V 


ko — Collector Current — mA 


NOTE 1: 


VBE vs Ic 


FIGURE 4 


TYPICAL CHARACTERISTICS 


4 
1 


i 
: 


be — Static Forward Current Transfer Ratio 
38 


“ 0.1 


This parameter was measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
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Ig = Collector Current = mA 


FIGURE 3 


VeE(sat) ¥8 Ic 


TT tT 


lg — Colfector Current = mA 


FIGURE 5 


CHIP TYPE N15 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


hfe vs Ic 


eV TUT TTT 
gis Ho 


See Note 4 i 


W% 


hig— Input Impedance — kf 


— Small -Signal Forward Current Transfer Ratio 
s 


ge (10 
<= 
() 
0.1 0.4 1 4 10 40 100 
Ic — Collector Current — mA I. — Collector Current — mA 
FIGURE 6 FIGURE 7 


5x107~4 


4x10~4 


hye — Reverse Voltage Transfer Ratio 
hoe — Output Admittance — pmho 


mat anil 
a. 
See ilmaati 


HH 
mae 
nl A 


0) 1 
0.1 0.1 0.4 1 4 10 40 100 
Ig — Collector Current — mA I¢ — Collector Current — mA 
FIGURE 8 FIGURE 9 


NOTE 4: To avoid overheating the transistor, this parameter was measured with bias conditions applied for tess than five seconds. 
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CHIP TYPE N15 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


fr vsic 


f{—Transition Frequency-MHz 


1 2 4 7 #10 20 40 
7 Ic—Collector Current—mA 
3 
FIGURE 10 
Cob, Cobo v5 VcB ; Cob. Cibo vs VEB 


Capacitance — pF 
Capacitance — pF 


Ic =0 

f=1MHz 
Ta = 25°C 

See Notes 2 and 3 


0.1 0.2 0.4 0.7 ~«41 2 4 


Vega Collector-Base Voltage — V 


Ves ~ Emitter-Base Voltage — V 
FIGURE 11 FIGURE 12 


NOTES: 2. Capacitance measurements were made using chips mounted In TO-39 packages. 


. Cop and Cap measurements employ a4 three-terminal capacitance bridge incorporating s guard circuit. The third electrode (emitter 


or collector, respectively) is connected to the guard terminal of the bridge. Cong and Cipo Measurements are made with the third 
terminal floating. 
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CHIP TYPE NIG 
N-P-N SILICON TRANSISTORS 


© N1G6is an 11 X 15-mil, epitaxial, planar, expanded-contact chip 


© Available in TO-72 and Silectt packages 
e For use in high-frequency (nearly to 1 GHz), low-noise amplifier 
circuits such as TV mixers and |IF-amplifier stages 


electrical and operating characteristics at 25°C free-air temperature 


V(BR)CBO Collector-Base Breakdown Voltage 


Collector-Emitter 
Vv = A, =0, See Note 1 v 
eee Breakdown Voltage rsa ee eas pw so fv 
eee Ee) 
00 


OBSERVED VALUES 
PARAMETER NDITION [ OBSERVED VALUES | 
: ecaiaale Leap LOW TYP_HIGH|” 


ViBRIEBO Eritter-Base Breakdown Vote [l= 10wA,  te=O 
IcBO Collector Cutoff Current Vep=15V, tg=0 


Static Forward Current 
h Voce = 10V, ic=2mA 30 70 150 
Fe Transfer Ratio 2 


VBE Base-Emitter Voltage 


Smaill-Signal Common-Emitter 
VcE = 10V, I¢=2mA, f = 100 MHz 
Prel Forward Current Transfer Ratio ce c fe lea 


iel Smaill-Signal Common-Emitter 
Wie 5 Input Admittance 
Smatl-Signal Common-E mitter 
Voge =12V, I¢=2mA, f=45 MH 
fel Forwerd Current Transfer Ratio ce c r sll 


Voel Small-Signat Common-Emitter 
es Output Admittance 
: Veg = 10V, le 20, f= 1MHz, 
tor-B: 45 0.65 
Cob Collector-Base Capacitance See Notes 2 and 3 9G. 


Parallel-Equivatent 
‘iep Common-Emitter 
Short-Circuit Input Resistance 
Parallel-Equivalent 
Toep Common-Emitter 
Short-Circuit Output Resistance 


e : Vcp = 10V, le = —2mA, f= 79.8 MHz, 
b'Ce Collector-Base Time Constant See Note 2 


VcE = 10V, Ic =2mA, Rg = 502, 
f = 200 MHz 


Voce 2 10V, Ic = 2mA, f = 10 MHz 


F Spot Noise Figure 


T Trademark of Texas instruments 
These vatues do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1. These parameters were measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
2. Capacitance and r)’C, measurements were made using chips mounted in Silect packages. 
3. Cop Measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the guard 
terminal of the bridge. 
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CHIP TYPE N16 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


cso vs TA 
< 
€ 
' > 
s | 
c 
2 e 
5 e 
Vv = 
PS s 
3 5 
3 z 
3 & le = 10 mA 
2 Ic = 4mA 
x) & c bh 
7 I Ie =2mA 
Cy Ie = 0.1 mA 
: eee 
— . “5 50 75 100 125 150 -75-50-25 0 25 50 75100125 150175 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
FIGURE 1 FIGURE 2 
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3 


hg_ — Static Forward Current Transfer Ratio 
» 
t=) 


UI AAA 


ol QO. 


* i - allies: Current — mA 
FIGURE 3 
Hel vs f a 
50, Hi 
3s : 
3 40 5 
5 | th AA 4 ¢ 
woo 9g & e 
= 2 CCTM Still ; i 
3 LUTTE TNT TT 3 7 
FINE = : 
52 °C MT + Mt NH A 8 
nee 3 f 
£0 , 
0 g 
0.01 1 10 100 =—-1000 
ne — Frequency — MHz Veg — Coltector-Base Voltage — V 
FIGURE 4 FIGURE 5 


NOTES: 1. This parameter was measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
2. Capacitance and rp)'C, measurements were made using chips mounted in Silect packages. 


Fest 
ARR II 
Voce = 10V 
Ic = 12 mA 
Ta= 25°C tH Th 
+4 tii at 
Rg =50Q 
Rg = 10082 
om naail 
SET ee ae ee 


4 10 40 100 400 1000 
f—Frequency—MHz 


FIGURE 6 


3. Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the guard 


terminal of the bridge. 
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CHIP TYPE N16 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS AT 455 kHz, Ta = 25°C 


tg — Collector Current — mA 


FIGURE 7 


lg — Collector Current — mA 


FIGURE 9 


TEXAS, 


eel — Forward Transfer Admittance — mmho 


foep — Porallel-Equivalent Output Resistance — kQ 
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FIGURE 8 
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Iq — Collector Current — mA 


FIGURE 10 
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CHIP TYPE N16 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS AT 10 MHz, Ta = 25°C 


htelvs Voce 


Vee = 10 V 
f #10 MHz 


[hee] — Small-Signol Forward Current Transfer Ratio — 48 
[Pte] — Smolt=Signat Forward Current Transfer Ratio — dB 
° 


le Collector Current — mA 
FIGURE 11 FIGURE 12 
Vtelvs Ic 


Vee = tov] | TTT 
f = 10 MHz ri] TTF] 
a AE 
HHH 4H 
EAL 


Vee — Collector-Emitter Voltage ~ V 


1 


"el — Forward Transfer Admittance — mmho 


0 2 4 6 8 10 
lg — Collector Current — mA 
FIGURE 13 


Yiep V8 lc 


Fiep — Porallel-Equivolent Input Resistance ~ kQ 
Toep ~ Poratlel-Equivalent Output Resistance — kQ 


lo = Collector Current = mA l¢ = Collector Current — mA 


FIGURE 14 FIGURE 15 
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CHIP TYPE N16 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS AT 46 MHz, Ta = 25°C 


Components of vig v8 Ic 


eo Ve eh al 
Veal 


14] f 245 Miz 


Components of Input Admittance—mmho 


2 4 6 8 10 12 4 % 18 20 


hte |-Smali-Signal Common-Emitter Forward Current Transfer Ratio—-dB 


Ig—Collector Current—mA ig—Collector Current—mA 
FIGURE 16 FIGURE 17 
Components of yf, vs Ic Components of Yoe vs Ic 
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CHIP TYPE N16 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS AT 100 MHz, Ta = 25°C 


Htel vs Ic fel vs Ic 


een Tall BI eeeeeen 
f = 100 MHz TT LT Suaaneagne 
ro 


150 


| — Forward Transfer Admittance — mmho 


Jedd — Small-Signal Forward Current Transfer Ratio — dB 
3 


400 

10 50 

0 0 

i) 2 4 7 10 0 2 4 6 8 10 
lg = Collector Current — mA 1g — Collector Current — mA 
FIGURE 20 FIGURE 21 
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te — Collector Current mA . le = Collector Current — mA 
FIGURE 22 FIGURE 23 


TYPICAL CHARACTERISTICS AT 200 MHz, TA = 25°C 
Components of vig vs Ic 
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CHIP TYPE N17 
N-P-N SILICON TRANSISTORS 


e N17 is a 16 X 16-mil, epitaxial, planar, expanded-contact chip 


e Available in Silectt packages with base-emitter-collector lead 
configuration ; 


e For VHF/UHF RF/IF amplifiers requiring low feedback capacitance 
and forward-AGC characteristics 


eS 


electrical and operating characteristics at 25°C free-air temperature 


OBSERV' A 
PARAMETER CONDITIONS BSERVED VALUES 
LOW TYP HIGH 
ViBpr}cBoO Collector-Base Breakdown Voltage | Ic = 10 uA, le =0 
ip =O 


Cotlector-Emitter 
I¢ = 10 mA, i See Note 1 30° 


8 
g 


fe] 
°o 


Vv 
(BRICEO Breakdown Voltage 


ViBR)EBO Emitter-Base Breakdown Voltage | Ie = 10 HA, Ic =0 
ics Collector Cutoff Curent [Vog=10V._le=0 
Voce = 10V, tc=4mA 
Voce = 10V, te=8mA See Note 1 
Voce = 10V, Ico = 10mA 


VBE Base-Emitter Voltage Vce = 10V, Ic =4mA, See Note 1 


¥ Collector-Emitter Ip =0.4mA In =4mA 
CE(sat) Saturation Voltage B ‘ ‘ S 


fy Transition Frequency Vce = 10V, tc =4mA, f= 100 MHz 


Smail-Signal Common-Emitter Vcoe = 10 V, I¢=4mA, f= 45 MHz 


q 
° 


Static Forward Current 
Transfer Ratio 


Viel Input Admittance Voce = 10V, Ig =4mA, f = 200 MHz 
Small-Signal Common-Emitter 
Forward Current 


Vce = 10 V, Ic=4mA, f= 45 MHz 


Transfer Admittance Vce = 10V, Ic =4mA, f = 200 MHz 


Phase Angle of Small-Signal VcE = 10V, I¢=4mA, f= 45 MHz 

Common-Emitter Forward Current 

Transfer Admittance 

Small-Signal Common-E mitter VceE = 10V, Ic=4mA, f = 45 MHz 
Voe| Output Admittance Vce=10V, Ic=4mA, 7 = 200 MHz 


Vep= 10V, le =0, f= 1MHz, 
Cob Coltector-Base Capacitance cB E 
See Notes 2 and 3 


Common-Emitter Short-Circuit Voce =10V, Ic =1mA, f= 1MHz, 
Reverse Transfer Capacitance See Note 2 

Voce = 10V, IG =3mA, Rg = 502, 
f = 200 MHz 


{ 
= 
(-") 


Vce = 10V, Ic =4mA, # = 200 MHz 


Cres 


F Spot Noise Figure 


TTrademark of Texas Instruments 
These values do not modify guaranteed limits for specific devices and do not jdstify operation in excess of absolute maximum ratings. 
NOTES: 1. These parameters were measured using pulse techniques, ty, = 300 us, duty cycle < 2%, 
2. Capacitance measurements were made using chips mounted in Silect packages. 
3. Cop Measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the 
guard terminal of the bridge. 
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CHIP TYPE NT 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Icgo-Collector Cutoff Current—nA 


hpE—Static Forward Current Transfer Ratio 


25 60 v.] 100 126-150 0 2 4 6 6 0 12 14 16 
Ta—Free-Air Temperature—"C Ic—Collector Current—-mA 
FIGURE 1 FIGURE 2 


VcE(sat) ¥8 'c 
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5 € 
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> 
5 
Bo 
0.10204 11 2 4 10 20 40 100 O01 02 04 071 2 4 710 
{¢—Collector Current—mA t¢—Collector Current—mA 
FIGURE 3. FIGURE 4 
fy vs ic Cob vs VCB 
1000 ——7— 1.0 _-—> TTI MIT 
f= 100 MHz \g=0 re 
900 FT, = 26°C alec ele el sie a Of F f= 1 MHz & 
o Ta=28°C 
4 A tf] 
z oe \ Voeesv | 8 08 F see Notes 2 and 3 § See Note 2 
{ 700 — + 5B 0. i q 
5 
§ 600 VCE = 10V 8 8 
g 6 r 
e 500 g & 
3 400 5 e 
3 8 & 
s 300 T + = H 
5 3 * 
200 1 
£ 
too LNSEZ SY 3 é 
0 
o 12 3 4 5 6 7 8 1 2 4 7 10 2040 
I¢—Collector Current—mA Vp—Collector-Base Voltage—V I¢—Collector Current—mA 
FIGURE 5 FIGURE 6 FIGURE 7 


NOTES: 1. These parameters were measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
2. Capacitance measurements were made using chips mounted in Silect packages. 
3. Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the 
guard terminal of the bridge. 
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CHIP TYPE N17 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


6 o 1 2 3 #4 5 6 7 8 
te — Collector Currant — ma, Ic — Collector Current — mA 
FIGURE 8 FIGURE 9 


Yfa VS Ic 


— Forward Transfer Admittance — mmho. 
— Forward Transfer Admittence — metho 


o 1 2 3 4 5 6 ? 8 o 1 2 39 4 5 6 7 8 
lg — Collector Current — mA le — Collector Current — mA 
FIGURE 10 FIGURE 11 
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FIGURE 12 FIGURE 13 
TEXAS INSTRUMENTS 5-77 
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CHIP TYPE NIB 
N-P-N SILICON TRANSISTORS 


e N18isa19 X 19-mil, epitaxial, planar, direct-contact chip 
e Available in TO-18 and TO-46 packages 


e For use in low-level chopper circuits in inverted connection 
(collector and emitter terminals reversed). May also be used 
as a low-level amplifier 


as 


electrical characteristics at 25°C free-air temperature 


VBE Base-Emitter Voltage 
Collector-Emitter 
Saturation Voltage 


VcE(sat) Ig = 0.5mA, Ice =10mA 


PARAMETER CONDITIONS OBSERVED VALUES! UNIT 
Low TYP HIGH 
Collector-Base 
Vv Ic = 100 nA, ig =0 120® 180 Vv 
(BRICBO Breakdown Voltage . E a fot seo | | 
Collector-Emitter 
Vv Ic =10 mA, Ig =0, See Note 1 60 75 
(BRICEO Breakdown Voltage c i for | 
ViBR)EBO Emitter-Base Breakdown Voltage | !E = 100 pA, Ic =90 18° 22 |v | 
ICES Collector Cutoff Current VcE = 25V, Vee =0 <0.1 10 
1EBO Emitter Cutoff Current Vep= 15V, {c=0 <0.1 2 
lecs Emitter Cutoff Current Vec= 15V, Vec=0 TS K<O1 2] nA | 
h Static Forward Current Voce =5V, Ico = 10 uA y 30 140 ~~ «(| 
FE Transfer Ratio IVce=5V.icstmA———SSS~—CSCSSC C80 
Static Forward Current Transfer 
HFE(i Vec=5V, le =0.2mA 
da Ratio (Inverted Connection) fvecrsv. enozme fk 


2 
4 
) 
° 
a 
a 
< 


Emitter-Collector Offset Voltage | Ig = 200 uA, 'e=0 a as) 
VEC(ofs) mv 
(Inverted Connection) Ip=1mA, Ig =0 | COB 1.2 | 
Small-Signal Emitter-Collector Ig =1mA, le = 0, f= 1 kHz, 
Tecton) . Qa 
On-State Resistance te = 100 nA 
fr Transition Frequency Vce=5V, ic = 1mA, f = 20 MHz | 20 60 [MHz | 
f Vcp = 0, lg = 0, f= 1 MHz, 
Cc Collector-Base Capacitance F 
cb : nei See Notes 2 and 3 i 
Vep= 0, Ic = 0, f= 1 MHz, 
Ceb Emitter-Base Capacitance a io 2 7 12 
See Notes 2 and 3 


*These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1. These parameters were measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
2. Capacitance measurements were made using chips mounted in TO-18 packages. 
3. Cop and Cg, measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (amitter 
or collector, respectively) is connected to the guard terminal of the bridge. 
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CHIP TYPE N18 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Ices v8 Ta : lecs vs Ta 
10 == ee ee 
< ¢ 
I | 
10 na 
I Fs Vce = 20” Se 5 
Sager 
% snap 5 
8 : 8 
5 g 
i } 
8 5 
' | 
, Olas 50 75 100 125 150 aren 25 50 75 100 125 150 
Ta — Free-Air Temperature — °C Ta — Free-Alr Temperature — °C 
FIGURE 1 FIGURE 2 
hee vs ic hee vs Ic 
1000 1000 
o 700 2 
3 3” 
; a tall rT dH Soi 37” 
ba alii! wail mi! \| e 
i 200 Ht poi — ™ 
He ig sil Til S00 
- +f z” an 
- -_ vil 
3 * seat) A | ae 'l 
re Tn BED MUU LN a | 
£ <£ 
Blt au Bi MU All| 
° 9.001 0.01 0.1 10 100 %0.01 0.04 0.1 0.4 °=#1 4 10 4 100 
ee ends. te — Collector Current — mA 
FIGURE 3. : FIGURE 4 


NOTE 1: These parameters were measured using pulse techniques. t,, = 300 us, duty cycle < 2%. 
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CHIP TYPE N18 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


HFE(inv) V8 le 


er CCIM TT 
CT CCC 
SO cree EL 
CTT Lease 
Cee it 
ee ieee 

Serr cul 
Ai 0 


bee tine) Static Forward Current Transfer Ratio 


01 0.04 0.1 
le — Emitter ee ei 


FIGURE 5 


VCE(sat) Ys Ic 


AD 
cian 
OL 2ccll 

a ae 


; pepe 
mma Ht 


0.1 1 10 
ae — Collector Cane —mA 


Vee (sat) Collector—Emitter Saturation Voltage 
°o 


FIGURE 7 


CET CATT TT 


Vee vs ic 


0.9 
— PTT ae oe 
| od Tate 
oe serie aillll 
de. eet 


0 
0.1 0.4 1 10 «0 100 
I — Collector Ciasent —mA 


FIGURE 6 


VCE(sat) ¥8 Ic 


Ta = 125°C wi 
. Tas 75°C Pal 


cH “th Io Bill 
blll HCH 


ned 0.4 


Veetat) — Collector-Emitter Saturation Voltage — V 


4 
le Callector Cian —mA 


FIGURE 8 


NOTE 1. These parameters were measured using pulse techniques. ty = 300 us, duty cycle < 2%, 
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CHIP TYPE N18 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Vec lc VEC(ofs) V8 'p 


see nore TT TTT ear ‘TC TT Tl 
Sc — oe a a a 


pe whi 
SO Baye il Za ill 
1a eg 


alas Att 
free BD - Slll 
A act eral 


Vectors Emitter-Collector Offset Voltage — mV 


4 1 100 0.1 0.2 #04 07:1 7 0 
|g — Emitter Current —mA 1g — Base Current — mA 
FIGURE 9 FIGURE 10 


~ 


Pete 


Vec ~ Emitter-Collector Voltage — mV 


Ig — Base Current —mA 
FIGURE 11 


NOTE 1: These parameters were measured using pulse techniques, ty, = 300 us, duty cycle < 2%, 
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5-82 


CHIP TYPE N18 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Feclon) V8 Ip 


q 1000 
8 400 
3 
3 
g 100 
a 
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NOTES: 2. Capacitance measurements were made using chips mounted In TO-18 packages, 


3. Cop and Cg, measurements employ a three-terminal capacitance bridge Incorporating a guard circuit. The third electrode (emitter 
or collector, respectively) is connected to the guard terminal of the bridge. 
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CHIP TYPE N19 
N-P-N SILICON TRANSISTORS 


e N19 isa 19 X 19-mil, epitaxial, planar, direct-contact chip 
e Available in TO-5 and TO-18 packages 
e For use in medium-power switching and general purpose amplifier circuits 


electrical and operating characteristics at 25°C free-air temperature 


; OBSERVED VALUES 
PARAMETER CONDITIONS 
VIBAICBO_Colertor Base Breakdown Vole oo" 90 


ie =0 
tc = 10 mA, Ig = 0, See Note 1 


v Collector-Emitter 
(BR)CEO Breakdown Voltage 


ViBR)EBO Emitter-Base Breakdown Voltage 


VceE = 10V, 
Static Forward Current Voce =10V, 
Transfer Ratio Vce = 10V, 
Vce = 10 V, 


Ig = 15mA, Ig =-150 mA 
VBE Base-Emitter Voltage 1g = 50 mA i¢ = 500 mA Si 


v Coltector-Emitter = 
CE(sat) Saturation Voltage 


fT Transition Frequency Voce = 20 V, I¢ = 20 mA, 
‘ Common-Base Open-Circuit Vee = 10V, le =0, 
‘obo Output Capacitance See Note 2 
CG Cormmon-Base Open-Circuit Vep=05V, 
ibo Input Capacitance See Note 2 
Delay Ti 
Eee A nmr FT igeisOmAs. Inui MARTA, 
4 =—15mA, V =—4.1V, 
aes 
= Figure 1 Circuit 
tf Fall Time 


These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1. These parameters were measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
2. Capacitance measurements were made using chips mounted in TO-5 packages. 
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CHIP TYPE N19 
N-P-N SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


Vep=-4.1V Vec= 10V ty <1ns te <1ns 
10V --- 
INPUT 
sad OUTPUT lt “1 le ae 4 
ue 
els ae t a 
INPUT ! i ‘. 
Rg = ae =e <= 
50.2 Tox 
= fae =r, - Voc—Vce san ~ E(sat OUTPUT 

'B Cc 


(See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Zoyy = 50 2, tw = 200 ns, duty cycle < 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: ty < 1 ns, Rin # 100 kQ, Cin <7 pF. 


FIGURE 1—SWITCHING TIMES 
TYPICAL CHARACTERISTICS 


IcBo vs Ta 


3 8 38 


& 


t¢B0—Collector Cutoff Current—2A 


hpEe~Static Forward Current Transter Ratio 
38 
hee—Static Forward Current Transfer Ratio 


1 4 0 40 100 400 1000 1 4 10 40 100 400 1000 
Tp—Free-Air Temperature—"C 1¢—Collector Current—mA Ic~Collector Current—mA 
FIGURE 2 FIGURE 3 FIGURE 4 
Vee vs Ie Vee (sat) vs Ic 


Vpe—Base-Emitter Voltage—V 


VCE (sat)—Collector-Emitter Saturation Voltage~V 


1 4 10 40 «100 400 1000 
I¢—Collector Current—mA (¢—Collector Current—mA 
FIGURES FIGURE 6 


NOTE 1: These parameters were measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
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CHIP TYPE N19 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Cibo vs VEB 


36 ¢21MHz +— 
See Note 2 
- ps 


PST 
H—- He 


f = 100 MHz 
| Ta = 26°C 


Cobo—Output Capacitance—pF 


Cipo—Input Capscitance—pF 
3 


47—Transition Frequency—-MHz 


102 040.71 2 4 710 2 40 O41 
Vep—Coilector-Base Voltage—V 


1 2 4 710 2 40 70100 
1¢—Collector Current—mA Vep—Emitter-Base Voltage—V 


FIGURE 7 FIGURE 8 FIGURE 9 


ty, tr, ty, te vs Ta 


20 50 

18 Vae (oft) ~—4.1V “ 

16 TAs oe ie, 40 

Figure 1 Circuit 

214 Ke) 
1 2 Fa 
§ 12 : i 30 
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2 10 ze - 23 
= 2 
& 8b z & x 
& 5 ; 

6 2 7 15 

ab taay= ima 10} 

1g(2) = ~15 mA VBE (or) * 4.1 V 

27 VBElotf) = -4.1¥ 5} Ta = 25°C 

0 Figure 1 Circuit 0 Figure 1 Circuit 

28 50 78 100 10 20 «40 70100 200 400 7001000 


Ta—Free-Air Temperature—"C I¢—Coltector Current—mA (¢—Collector Current—mA 


FIGURE 10 


FIGURE 11 FIGURE 12 
* Voc = 10V 
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Figure 1 Circuit 40 Figure 1 Circuit 
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o 15 
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10 20 40 70100 200 400 7001000 10 20 «+40 70100 200 400 700 1000 


ic—Collector Current—mA I¢—Collector Current—mA 


FIGURE 13 FIGURE 14 


NOTE 2: Capacitance measurements were made using chips mounted in TO-5 packages. 
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CHIP TYPE N20 
N-P-N SILICON TRANSISTORS 


e N20 is a 16 X 16-mil, epitaxial, planar, expanded-contact chip 
e Available in Silectt packages 


e For use in TV mixer and Non-AGC IF circuits 


sas 


electrical characteristics at 25°C free-air temperature 


PARAMETER CONDITIONS OBSERVED VALUES 
LOW TYP HIGH 


ig= 100A, ig =0 as® 
ig=10mA, Ig=0, See Now 

i= 10HA, 1¢=0 

Vop=25V, Ie=0 


. f Voce =15V, Ic¢=10mA 
hFEe Static Forward Current Transfer Ratio See Note 1 
Voce = 15V, I¢=30mA 


Vv =15V, Ic=10mA 0.73 0.8 
Vez —_Bese-Emittr Vottage ETS aR | Seenote 1 | O23 08 


s 
° 


Voce = 18 V, Ic =30mA 
Ig=1mA, i¢=20mA 


VcE(sat) Collector-Emitter Saturation Voltage Ip=2mA, I¢=20mA 


n 
© 
g. 
2 
3 
a 
= 


Small-Signal Common-Emitter 
VcE=15V, Ic =10mA, f=45MH 
hel Forward Current Transfer Ratio a cane 


Vce=15V, Ic=10mA, f= 100MH 300 
fr Transition Frequency CE £ oi ad 

Voce =18V, Ic =30mA, f= 100 MHz 

Vce = 15V, 1 =10mA, | =30mA, 
ma Ratio of Transition Frequencies oe MHz cm) . cia) 2 


Real Part of Smail-Signal Voce =15V, Ic =10mA, f = 45 MHz 
Common-Emitter Input Admittance Vce=15V, Ic=10mA, f= 200MHz 
Smail-Signal Common-Emitter 
Forward Transfer Admittance 
Phase Angle of Small-Signal Common-Emitter 
*yfe Forward Transfer Admittance 

Real Part of Smail-Signal 
Yoetreal) Common-Emitter Output Admittance 


Cob Collector-Base Capacitance 


= 
°o 
~ 
w 


Yie(real) 


Mfel VcE=15V, i¢=10mA, £=45MHz 
VceE=15V, I¢=10mA, f= 45 MHz 


VcE=15V, I¢=10mA, #=45 MHz 


Vop =10V, Ie =0, f = 1 MHz, 
See Notes 2 and 3 


° 
N 
= 


Parallel-Equivalent Common-Emitter 


Cies VcE=15V, Ic=10mA, f=45MHz 


Short-Circuit Input Capacitance? 
Parallel-Equivatent Common-Emitter 
Short-Circuit Output Capacitance t 


Coss Voce =15V, I¢=10mA, f= 45 MHz 


S Iw 
a (8 
ala 
8|8 
Cc 
3 


TTrademark of Texas Instruments 
*This value does not modify guaranteed limits for specific devices and does not justify operation in excess of absolute maximum ratings. 
ties and Cogs are defined as the imaginary parts of the small-signal, common-emitter, short-circuit admittances divided by 2 nf. 
NOTES: 1. This parameter was measured using pulse techniques. tw = 300 us, duty cycle < 2%. 
2. Capacitance measurements were made using chips mounted in Silect packages. 
3. Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the 
guard terminal of the bridge. 
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CHIP TYPE N20 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


cao vs Ic hee vs tc 


IcBo—Collector Cutoff Current—nA 


hgE—Static Forward Current Transfer Ratio 


25 50 75 100 126 150 


Ta—Free-Air Temperature—"C tc—Coliector Current—mA 
FIGURE 1 FIGURE 2 
Vee vs Ic Vee (sat) ¥8 Ic 


| Tit 
Lt tt 
— 


Ta = 125°C tt 
eso 
ee 


Vpe—Base-Emitter Voltage--V 


VCE (sat)—Collector-Emitter Saturation Voltage—V 


1 2 4 710 20 40 70100 1 2 4 710 20 40 70100 
Ic—Collector Current—mA I¢—Collector Current—mA 
FIGURE 3 FIGURE 4 


NOTE 1: This paremeter was measured using puise techniques. ty, = 300 us, duty cycie < 2%. 
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CHIP TYPE N20 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


4 1000 
3 
i 900 
z 800 
i ; 700 
: S 
| i 
a : 400 
3 § 300 
é er 
z 200 
i 10 
é 0 
Ie—Coilector Current—mA (¢—Collector Current—-mA 
FIGURE 5 FIGURE 6 
Vie v8 Ic Yoo V8 Ic 


3 


Components of Forward Transfer Admittance—mmho 


nn 


Iq—Cotlector Current—mA \q-Collector Current—mA 


FIGURE 7 FIGURE 8 FIGURE 9 


Cob vs Vop 


° 
© 2 4 6 8 10 12 14 18 18 20 1 2 47 10 20 0 
\q~Collector Current—mA Veg-Collector-Base Vottage-V 
FIGURE 10 FIGURE 11 


NOTES: 2. Capacitance measurements were made using chips mounted in Silect packages. 
3. Cop measurement employs a three-terminal capacitance bridge Incorporating a guard circuit. The emitter is connected to the 
guard terminal of the bridge. 
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CHIP TYPE N21 
N-P-N SILICON TRANSISTORS 


e N21is an 18 X 18-mil, eptiaxial, planar, direct-contact chip 
e Available in Silectt packages 
e@ For low-noise, medium-current (to 100 mA) amplifier circuits 


electrical and operating characteristics at 25°C free-air temperature 


PARAMETER connlrions OBSERVED VALUES 
LOW TYP HIGH 


ao 100 
Winnices Collector-Emitter (ea30 ma: (ne: eis naas 
Breakdown Voltage 
[ViBR)EBO Emitter-Base Breakdown Voltage [ie=10uA,  ic=O Tt 
Pica Collector Cutoff Gurrent | Vop=30V,_ les 0.8100) | 
ig B0 Emitter Cutoff Gurrent Wep=5V, geo SSS 1 100 | na 
Woe =8V, igs 10S td 
Transfer Ratio - 
Voce =5V, i¢ = 100 mA, See Note 1 | 40 | 


Base-Emitter Voltage 


Voce =5V, Ig= 10.mA, See Note 1 


v 
h 44) 
be Forward Current Transfer Ratio | wo 
7 = Ic = 100 pA, f=1kHz 
Fa Small-Signal Common-Emitter 30x 
re Reverse Voltage Transfer Ratio 10-4 
h Smait-Signal Common-Emitter rs 
oe Output Admittance Ee 
fr Transition Frequency Vce=5V, I¢ = 10mA, f = 100 MHz | 200 330 {Mz | 
Vep=5V, Ie = 0, f= 1MHz, 
Cc Collector-Base C: ital 
, Vegp=0.5V, Ig = 0, f= 14 MHz, 
C Emitter-Base C. ita 
See Notes 2 and 3 
VceE=5V, Io = 100 2A, Rg = 10 kQ, 
F Spot Noise Figure cE c e G 
f=1kHz 
= | 7 Voce =5V, Io = 100 pA, Rg = 10ka, 
F Average Noise Figure 
Noise Bandwidth = 15.7 kHz, See Note 4 


tT Trademark of Texas Instruments 
*These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1. These parameters were measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
2. Capacitance measurements were made using chips mounted in Silect packages. 
3. Cop and Cap measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or collector, respectively) is connected to the guard terminal of the bridge. 
4. Average Noise Figure was measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency roll-off of 
6 dB/octave. 


Collector-Emitter 
Saturation Voltage 
Small-Signal Common-Emitter 


VCE (sat) 


ig=1mA, Io=10mA 


Voce =5V, tc = 100 uA 0.55 0.65 
Vee =5V, I¢z=1mA 0.6 07) V 
0 0.8 


h;, 
ie Input Impedance 


Smali-Signal Common-Emitter 
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CHIP TYPE N21 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Normalized hre vs Ic Normalized hfe vs Ic Normalized hee vs Ic 
(Device having hE ~ 340 (Device having hee * 200 (Device having hee © 125 
7 at6 V, 1 mA) : mA) 
y — 
ee (E 
Ht 4 = 
i i. ri sii I in § Atm 
i 1, ati 1 on 
eal 1 
} . I 0,7 } . 
i CH at eti allah ewe Si ire 
To, HC 2 Cn oh ce 0 
J j I. lll 
J, en yA U1 
0.001 0,01 O4 0,1 O4 1 4 10 0,01 O47 4 0 40 100 0.1 
l¢ — Collector Current — mA 1 Gollaatae Current — mA ic = Callsator Carrara 
FIGURE 1 FIGURE 2 FIGURE 3 


og | See Note} 


VeeE—Base-Emitter Voitage—V 
Vee — Soee-Emltter Voltage — V 


9 
0.01 01 #04 1 4 10 40 100 0.01 ie casa ee a 40 100 
I¢—Collector Current—mA 
FIGURE 4 FIGURE 5 FIGURE 6 
VCE (sat) v8 Ic VcE (sat) ¥5 Ic 
(Device having heE * 200 (Device having hre * 126 
oie at 6 V, 1 mA) at 5 V, 10 mA) 


° 
& 


\ethe) — Collector-tmitter Saturation Voltage — ¥ 


Neti) —Collector-Emitter Scturation Voltage — V 
° 
B 


dor O71 04 1 4 10 40 100 
1c — Collector Current — mA 
FIGURE7 FIGURE 8 


NOTE 1: These parameters were measured using pulse techniques. ty = 300 us, duty cycle < 2%, 
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CHIP TYPE N21 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Normalized hig, hfe, hire, hgg vs Ic Normalized hig, bgp, hye, hoe ve Ic Normalized hie, hfe, bre, hog vs Ic 


(Device having hrEe ~ 340 {Device having hee ~ 200 (Device having hee © 126 
5V ) 


Hybrid Parameters Relative to Values at ic * 1 mA 
Hybrid Parameters Relative to Values at Ic = 10 mA 


“Ot 04 1 4 10 40 100 


Hybrid Parameters Relative to Vatues at Ic = 0.1 mA 


is 0.01 ot 0.4 1 4 10 10 40 100 
t¢—Collector Current—mA I¢—Cotlector Current—mA 'c—Collector Current—mA 
FIGURE 9 FIGURE 10 FIGURE 11 


Normalized hig, hg, hye, hog v5 VCE 


Hybrid Parameters Relative to Values at VCE = 10 V 


a x 
VcE—Collector-Emitter Vottage—V 


FIGURE 12 


mT voe-6 T_T 


| 
| 
; i! / 
£ if 5 
E i 
: | i 
t 
Ns J 
‘ eo AnH 
0.1 1 4 10 40 100 ° . : 
1¢—Collector Current—mA Ove Seatac Yetta Sy 4° Meg —~ inant Vee —V 
FIGURE 13 FIGURE 14 FIGURE 15 


NOTES: 2. Capacitance measurements were made using chips mounted in Silectt packages. 
3. Cop and Ce, measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or collector, respectively) is connected to the guard terminal of the bridge. 
5. To obtain reproducible results, these parameters were measured with bias conditions applied for less than five seconds. 
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CHIP TYPE N21 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Contours of Constant F vs tc Contours of Constant F vs tc 


(Device having hreE ~ 340 at 5 V, 100 uA) (Device having hee ~ 340 at 5 V, 100 xA) 


g g 
| | 
8 3 
& é 
Ta 
2 6 
§ ean i 
| Sale | 
a o 
| 
1 
CT 
0,001 0.01 0.1 0.4 #1 4 10 ‘0.001 0.01 0.04 0,1 0.4 #41 4 10 
l¢ — Collector Current —mA l¢ — Collector Current — mA 
FIGURE 16 FIGURE 17 
F vs f FvsRg 


(Device having hFeE * 340 at 5 V, 100 uA) 


10 (Device having hfe ~ 340 at 5 V, 100 uA) 
10 
gL vee 7SY 
Noise Bandwidth = 15.7 kHz 
w@ 8b = 25°C 
s uv 
1 | 7 See Note 4 
ALND I : 
— Ii wé 
‘s 3 
3 i oO 5 
2 z 
. J 
B of 
3 
| 2: 
: nC i‘ io 
THN a 
iS ; 
Buia ) 
1 2 4 7 10 20 40 
f — Frequency — kHz Rg — Generator Resistance — kQ 
FIGURE 18 FIGURE 19 


NOTES: 1. These parameters were measured using pulse techniques. ty = 300 us, duty cycle < 2%. 


4. Average Noise Figure was measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency roll-off of 
6 dB/octave. 
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CHIP TYPE N22 
N-P-N SILICON TRANSISTORS 


e N22isa 10 X 15-mil, epitaxial, planar, expanded-contact chip’ 
e Available in TO-72, a short-can version of TO-78, and Silectt packages 
e For use in high-frequency (to 1 GHz) amplifier and oscillator circuits 


electrical and operating characteristics at 25°C free-air temperature 


BSERVED VALUES 
PARAMETER CONDITIONS+ UN! 
Low TYP HIG 


ViBR)CBO Collector-Base Breakdown Voltage Ig = 100 WA, !e=0 


v Collector-Emitter 
(BR)CEO Breakdown Voltage 


ViBR)EBO Emitter-Base Breakdown Voltage 
tcBo Collector Cutoff Current Voce = 10V, le =0 


Static Forward Current 


k [Vce=tV, ic=3mA 
rE Transfer Ratio Vce=10V, Ic=4mA 30.110 +225 
VBE Base-Emitter Voltage Voce = 10V, Ic =4mA Yom [Vv] 


v Coliector-Emitter ae amA 1210 A Vv 
CE(sath saturation Voltage B : c 


ff Transition Frequency Voce =10V, Ic =4mA, f= 100 MHz 500 1100 


Smait-Signal Common-Emitter 
Voce = 10V, ic =4mA, f= 10 MHz 
Weal Forward Transfer Admittance = . | 120 [mn 
of Common-Emi [f#=200mHz [10 
Fe? Square ommmon-Emitter Voce = 10V, Ic=4mA 


Forward Transmission Coefficient 8 


Vcp = i0V, ie = 0, f=1MHz, 
C Collector-Base Capacita 
sa = i xi es 


Parallel-Equivalent Common-Emitter 
Short-Circuit Input Capacitance 
Paraltel-Equivalent Common-Emitter 


See Note 1 


Ciep 


Coep 
Short-Circuit O it Capacita 
Mansi ane? Vee = 10V, Ic=4mA, f= 10 MHz 
a Parallel-Equivalent Common-Emitter 
'ep Short-Circuit Input Resistance 
Paratiel-Equivalent Common-Emitter 
Toep 


Short-Circuit Output Resistance 


tb'C, Collector-Base Time Constant Vcp = 10V, le =—4mA, f = 79.8 MHz 


; Vce = 10 V, te =2mA, Rg = 300 Q, 
F N Fi 
Spot Noise Figure t= 100 MHz 


trademark of Texas Instruments 
Fan dynarnic characteristics were measured using chips mounted in Silect packages. 
*These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
bre? is equal to the insertion power gain of the transistor alone. 
NOTES: 1. These parameters were measured using pulse techniques. ty * 300 us, duty cycle & 2%. 
2. Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the 
guard terminal of the bridge. 


a ae 
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CHIP TYPE N22 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


IcBo vs Ta hre vs Ic 


| Ta = 125°C il 
Neu 


| 


hFE-—Static Forward Current Transfer Ratio 


id a 


ul 
\ 
| 
| 


Te 


ll 


lcpQ—Collector Cutoff Current—nA 
r) 


Vi dEP ie a 
Vir ae 


0.1 
25 50 75 100 125 150 0.4 0.7 1 2 4 7 10 
Ta—Free-Air Temperature—°C tc—Collector Current—mA 
FIGURE 1 FIGURE 2 


VCE (sat) v5 Ie 


Ie _ 49 
IB 


See Note 1 


Vpe—Base-Emitter Voltage—V 


VCE (sat)—Collector-Emitter Saturation Voltage—mV 


0.4 07 1 2 4 7 10 
I¢~Collector Current—mA I¢—Collector Current—mA 
FIGURE 3 FIGURE 4 


NOTE 1: These parameters were measured using pulse techniques. tw = 300 us, duty cycle < 2%. 
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CHIP TYPE N22 
N-P-N SILICON TRANSISTORS 


COMMON-EMITTER EQUIVALENT CIRCUIT USING SHORT-CIRCUIT “y” PARAMETERS 


I, = Wel Vie * Ire[Yee 
I, = Ite Vibe * Voe| Yee 


\ ee sl 
bel= Fees on aay Me bid Iv, =0 
Ib _ \ - 1 3 
[red = Ve Voe= 0 Hoel a Vibe = O- Tease iMCoep 


TYPICAL CHARACTERISTICS AT Ta = 25°C 


Tiep YS lo 


00 ae 
Hf cE 

he 

as 


” 
a 


— Poratlel Equivalent Input Resistance — kQ 


Fiep — Paralle! -Equivalent Input Resistance — kQ 


Cop — Porallel-Equivolent Input Capocitonce —— pF 


Sep 


Ie — Collector Current — mA Ig — Collector Current — mA 1¢ — Collector Current — mA 


FIGURE 5 FIGURE 6 FIGURE 7 


g r 

| g $ 

5 8 f= 10 MHz = 

2 § 200 8 
| é & 

2 2 2 
6 8 6 

& 3 

i | i 
§ 3 § 
PO Toy 

5 10 3 10 $ 

| 0.4 0.7 1 2 4 7 10 04 07 1 2 4 7 0 | 

t Ie — Collector Current — mA I¢—Collector Current—mA $ le — Collector Current — mA 
© Vv 

FIGURE 8 FIGURE 9 FIGURE 10 
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CHIP TYPE N22 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS AT Ta = 25°C 


tel vs ic 


Vee =10V 
OF f= 10 MHz 


IN 


Die] — Forward Tronsfer Admittance — mmho 


9 
0.4 0.7 1 7 10 
lem Coltector Cieraar: —mA 
FIGURE 11 
htel vs Ic 


ttt abo 


Mife}-Small-Signal Forward Current Transter Ratio 


1 
Ot O2 04 071 2 
ig—Collector Current—mA 


4°71 


FIGURE 13 


iste 2—Square of Forward Transmission Cosfficient—-dB 
o 


f—Frequency—MHz 


FIGURE 15 


Cop—Collector-Base Capacitance—pF 


Cop vs Veg 


LT TT 
bY l 
iat 
10 a es 
ei si 
ieee 


Vep—Collector-Base Voltege—V 
FIGURE 12 


Vee = 10V 


f7—Transition Frequency—MHz 
oo 88888 8 8 8 


~10 
—12 


Isre2—Square of Reverse Transmission Coefficient—dB 
if 
8a 
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CORPORATED 
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TEXAS 76222 


VcE*10V [| 
ZG = 2, =602 +jo0 
ig = 0.4 mA Lact 


02 04 071 2 
\¢—Collector Current~mA 


FIGURE 14 


bral? vs t 


f—Frequency—MHz 


FIGURE 16 


CHIP TYPE N22 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON-EMITTER INPUT REFLECTION COEFFICIENT, sig 
and 
NORMALIZED INPUT IMPEDANCE 
Vce* 10 V, 2g * 2, = 50 2 +)0, Ta = 26°C 


oe 
eeetes 
eo" 
Se SSS 
CXS SSK, 
KZ LK 


5555 

o 

LA PRESS 
aw, Ox 

LER BRS 


‘ 
CSS 


ei 

a8ine 
anne 
Sh 


[094 = 21" [020 =26" 
0.87 —27° 


0.76 —36° 0.63 43° 
0.69 —44° 0.57 —52° 
0.59 59° 


These measurements were meade using chips mounted In Silect packages. 


FIGURE 17 
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CHIP TYPE N22 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON-EMITTER OUTPUT REFLECTION COEFFICIENT, soe 
and 
NORMALIZED OUTPUT IMPEDANCE 
VcE = 10 V, 2g = 2, = 502 + j0, Ta = 25°C 


4 \3 
pee 


LILA 
sels He 


ee, 4 
Pty PY 
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ee, 
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BRETT Ly 
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These measurements were made using chips mounted in Silect packages. 


FIGURE 18 
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CHIP TYPE N23 
N-P-N SILICON TRANSISTORS 


e N23 is a 26 X 26-mil, epitaxial, planar, direct-contact chip 

e Available in TO-18, TO-39, a short-can version of TO-78, and 
Silectt packages 

e For use in general purpose amplifier and switching circuits 


electrical and operating characteristics at 25°C free-air temperature 


PARAMETER CONDITIONS OBSERVED VALUES] 
LOW _TYP_HIGH 


ViBR)CBO Collector-Base Breakdown Voltage | Ic = 100 uA, le =0 } oof ws [| Vv CY 


Collector-Emitter ° 
ViBR)CEO Ic =10mA, Ig =0, See Note 1 70 85 V 


Breakdown Voltage 


ViBR)EBO Emitter-Base Breakdown Voltage | !— = 100 uA, {c=0 
{CBO Collector Cutoff Current Vop = 40V, le =0 <0.1 10 
Vce=10V, __I¢= 100HA [is 0 


Voge = 10 V, Io = 10MA 30 70 

VcE = 10 V, 1c = 150 mA 50 80-300 
Voce = 10V, tc = 500 mA See Note 1 | 2 55 | 
Vce=10V, tc=1A [i020 
a 


t i 
[Vce=10V, Ic=10mA | 
v Base-Emitter Volt Notel 
Ig=15mA,_Ig=150mA | ~° NO 085 13] * 
Collector-Emitter 
v Ip = A, Ic = 150 mA, Note 1 
CE (sat) Saturation Voltage B= 15m c i aes pm ty | 


Static Forward Current 


Transfer Ratio 


h Small-Signal Common-Emitter 
Ie Input. impedance 
Small-Signal Common-Emitter 
hte 


Forward Current Transfer Ratio 
Small-Signal Common-Emitter 


Vce = 10V, Ic = 10 mA, 


h 
Reverse Voltage Transfer Ratio 


re 
2 Output Admittance 
[i Transition Frequency [Vee=10V,___1g=80mA, t= 20MHz ‘| _40_ 120 ——*Y 
¢ Common-Base Open-Circuit Vcp = 10V, {e =0, f= 1 MHz, 
‘obo Output Capacitance See Note 2 


CG Common-Base Open-Circuit Vep=O5V, ic =0, f=1MHz, 
ibo Input Capacitance See Note 2 


td Delay Time 2N2192 
a 
t 


Data 
Sheet 


TTrademark of Texas Instruments 
*These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1, These parameters were measured using pulse techniques. ty, = 300 vs, duty cycle < 2%. 

2. Capacitance measurements were made using chips mounted in TO-39 packages, 


Veco = 10V, Ic © 150 mA, IB(1) * 15 mA, 
IB(2) *-15mMA, VBE (oft) * —4.1 V,See Figure 1 
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CHIP TYPE N23 
N-P-N SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


Vep=-4.1V Vec = 10V t < 5ns tf <10 ns 
10 V ~=— 
INPUT 
ov ; 
OUTPUT be tom he toff | 
—Htg | rt, | 
INPUT 1} [| 
—o tr rr — je— 
10% 1 1 10% 
ae rp = Dvolts & p, = VocKVcetsat) { 1 ouTPUT 


IB Io 90% 90% 


(See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Zo, = 50 2; for measuring ty and ty, 
tw * 10 ns, duty cycle < 2%; for measuring t, and ty, ty © 10 us, duty cycle < 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: ty < 1 ns, Ri, * 100 kQ, Ci, <7 pF. 


FIGURE 1—SWITCHING TIMES 
TYPICAL CHARACTERISTICS 


V(BRICER vs Ree hee vs Ic 
> 
1 200 200 
F 00 2 so Mees TIM TMT TM 
s See Note 1 
3 § MT 
160 t s 
§ é 
i 140 : £ 
a 120 g F 
° 
2 100 3 é 
E rad s] 
4 80 § H 
5 2 3 
& 60 oo 
t ! 8 £ 
8 40} i¢= 10ma+t t g & 
© ool tan2se wii 2 i 
Q See Note 1 | = 
6 0 
> 10 40 100 400 1k 4k 10k 40k100k 2B 50 75 100 126 150 4 1 40 100 4001000 
ReE—Base-Emitter Resistance—2 Ta—Free-Air Temperature—°C I¢—Collector Current—mA 
FIGURE 2 FIGURE 3 FIGURE 4 
hee vs !c VcE(sat) v8 Ic 
200 Tm ? 1 
° Voce = 10V 
#180 See Note 1 Hy $ ’ 
ia TAH > 
at ‘ ns : 
5 140 Hy anil 3 
vet 3 ce FI 
g 1 rd | 1 3 
3 100 g Cet 5 
3 P g i g 
i F aM ; 
z ‘ é aad 3 
‘ : | i ITH 
a 
a $ a CCAM 
p L 0.02 
4 20 3 
4 VcE = 10 V se is 
0 2 0.01 
0.1 04 1 4 10 40 100 4001000 01 04 1 4 10 40 100 4001000 01 04 1 4 10 40 100 4001000 
I¢—Collector Current—mA I¢—Collector Current—mA le—Collector Current- mA 
FIGURE 5 FIGURE 6 : FIGURE 7 


NOTE 1: These parameters were measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
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TYPICAL CHARACTERISTICS 


Normalized hig, hfe, Nye: Hoe V3 'c 


CHIP TYPE N23 
N-P-N SILICON TRANSISTORS 


fr vs ic 


4 200 -—~-y 
2 180 
. 
) = 160 
& 7 
§ zB 140 
> ; 120 
8 
3 bd 100 
H 3 80 
: a 
é £ 40 
¢ 2 
R 
s (i) 
= O.1 
I¢—Coltector Current-mA 
FIGURE 8 
Cobo ¥5 Ves Cibo vs VEB 
20 r 50 = 
a com 
eso 45 | IL 
8 121 MHz { 
4% 16 Tas 25°C 40 
t See Note 2 Ss 
8 1 4 % 
s € 
3 12 = 30 
5 z 
3 10 § 2 
3: z 
1 6 T 15 | 
3 g Ic=0 i 
4 o 0 t #* 1 MHz r 
2 5b TA= 28°C} 
See Note 2 \ ne 
0 ry 1 ui L 
0.1 04 1 4 10 40 100 01 02 04 071 2 4 710 
Vep—Collector-Base Voltage~V VeEp—Emitter-Base Voltage—V 
FIGURE 10 FIGURE 11 


VBE (oft) * -4.1V 
Tar 2c 
L Figure 1 Circuit 


t—Rise Time—ns 
t,—Storage Time—ns 


10 2 40 100 200 400 1000 wo 620 40 100 «200 400-1000 
\g—Coltector Current—mA I¢-Collector Current-mA 
FIGURE 13 FIGURE 14 


NOTE 2: Capacitance measurements were made using chips mounted in TO-39 packages. 
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04 


1 4 10 40 «100 


\¢—Collector Current—mA 


tg—Delay Time—ns 


y—Fall Time—ns 


FIGURE 9 


Ta=26C 


10 
10 «6200 «40 700 200 400 


I¢—Cotlector Current-mA 


FIGURE 12 


Ta= 25°C 
490 [| Figure 1 Circuit 


| 
mf 111 
\ 


Ic 
tg) = —1B(2) = 
100 B(1) = ~1BI2) = BH 


awit e 
lain) = B12) = 3q 


10 


VBE (oft) * —41V 


Hl Figure 1 Circuit 


10 20 40 100 200 400 
I¢—Collector Current~mA 


FIGURE 15 
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CHIP TYPE N24 
N-P-N SILICON TRANSISTORS 


© N24 is a 19 X 19-mil, epitaxial, planar, direct-contact chip 
e Available in TO-5, TO-18, TO-39, a short-can version of TO-78, 
plastic dual-in-line quad, and Silectt packages 
@ For use in general purpose amplifier and medium-current 
switching circuits 


electrical and operating characteristics at 25°C free-air temperature 


OBSERVED VALUES 
Saree PLow “Typ _HiGH| 
V(BR)CBO Collector-Base Breakdown Voltage | I¢ = 100 uA, je =0 80*® 100 


Collector-E mitter 
Breakdown Voltage 


V(BR)JEBO Emitter-Base Breakdown Voltage | ig = 100 uA, Io=0 
IcBo Collector Cutoff Current 


V(BR)CEO Ic = 10 mA, Ig =0, See Note 1 


Vcop= 50V, le =0 


lEBo Emitter Cutoff Current Vep=4V, Ic=0 


h Static Forward Current VceE = 10V, tc =10mA 
FE Transfer Ratio Voce = 10V, Ic = 150 mA See Note 1 50 120 600 
VcE=10V, Ig = 500 mA | 2095 | 


ig = 15mA, Ic = 150 mA 
Vv Base-Emitter Vol See Note 1 
BE jase-Emitter Voltage ig = 50 mA, 1c = 500 mA ee Note 
Collector-Emitter Ip =15mA, Ic = 150 mA 
Vv See Note 1 
CE(sat} Saturation Voltage ig = 50 mA, I¢ = 500 mA ° : 


Pel 


Small-Signal Common-Emitter 
hie kQ 
Input Impedance 
hte Smail-Signal Soman orc mnittet: 20 6 
Forward Current Transfer Ratio Vee =10V wea f=1kHz 
7 Small-Signal Common-Emitter ce ? c : 0.8 x 6x 
re Reverse Voltage Transfer Ratio 10-4 10-4 


h Small-Signal Common-Emitter 
oF Output Admittance 


fT Transition Frequency VcoE = 10V, 1c = 50 mA, f = 100 MHz 100 400 


Common-Base Open-Circuit 
Cc Vcp=10V, ie =0 
‘obo Output Capacitance ce E 


Common-Base Open-Circuit 


ao] 
nn 


= 
NT Oo 


Cibo Input Capacitance Vep = 0.5, 'c=0 

Cob Collector-Base Capacitance Voce = 10V, le =0 ) 40 —=i*d 
td Delay Time Vec = 30 V, Ic = 150 mA, 2N2218A ee ees 

Pe Re Time fatty = 18m, Vee tonn = 05 vot ESone ase 

ts Storage Time Vcc = 30V, Ic * 150 mA, Sheet [| 0 

te PT pam tm tmigy ask lea a eras 

tg Delay Time Voc = 30V, Ic = 150 mA, ia- 8 | 
Ch Cr a | er oy es sae 

Veo" 30V, Ig 150m, Tgqy) = 18mA, | 90 
ee Falta ean ee a 


tTrademark of Texas Instruments 
These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1. These parameters were measured using puise techniques. tw = 300 us, duty cycle < 2%. 
2. Capacitance measurements were made using chips mounted in TO-5 packages. 
3. Cop measurement emptoys a three-terminal Capacitance bridge incorporating a guard circuit. The emitter is connected to the 
guard terminat of the bridge. Cobo and Cipo Measurements are made with the third terminal floating. 


ee 
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CHIP TYPE N24 
N-P-N SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


VeB = —4.1V Veco = OV t< 11s ty< 10 ns 
10 V—— 
INPUT 
ov 
UTPUT 
1 uF 3 rier a tort “> 
—Htg | | 
INPUT 1 | a 1 3 
Rp —a tf a —> tf ~— 
50 2 10% I \ 10% 
on 5 volts Vec-V cE lsat) ( ! 
= Ei DvOlts =R, = OUTPUT 
Be ie u ic 920% 90% 


(See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 
NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Z2out = 50 22; for measuring tg and ty, 
tw * 200 ns, duty cycle © 2%; for measuring t, and ty, tw * 10 us, duty cycle © 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t, © 1 ns, Rin & 100 kQ, Cin S7 PF. 


FIGURE 1—SWITCHING TIMES 
TYPICAL CHARACTERISTICS 


Normalized he vs Ic 
} 
abitl 
; i iu > 
i : ml i 
uo . 
<n 
j fo] 
° 2 I Mh = 
8 2 eT TT 
| Pes CTT 
ia 
0.1 o4 1 4 10 a 100 400 1000 
Ty-FreeAk Temperature="C \gCollector Current—mmA Ig—Coltector Current—mA 
FIGURE 2 ‘FIGURE 3 FIGURE 4 
Vee vs Ic VE lsat) ¥3 IC VcE(sat} ¥8 'c 
nj NR a0, are 
’ TT RY i $ tH 
> AT es 5 CoN 
' 3 ' all 
5 3 o2 
i i i IW 
: : o4 
{ § £ 007 
aes 
Fi H i 0.04 PA nt 
# 8 8 it Om a 
5 "3 oe | ah 
E 5 CMM TI Lh 
0.01 0.01 
a o4 1 a 0 4 100 ann 1000 or o4 1 4 10 #0 100 400 1000 01 O4 1 4 10 40 100 400 1000 
Iq Collector Current-mA gr Collector Current—mA 1g— Collector Current—mA 
FIGURE & FIGURE 6 FIGURE 7 


NOTE 1: These parameters were measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
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CHIP TYPE N24 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Normalized hig, htg, hee, hoe VS Ic 


Cobo: Cibo, Cop V8 VR 


RE f= 1MHz 
2 > Lf Ta = 28°C ] 
See Notes 2 and 34 


ll 
| i TOTS 
fee! | [Toone 
Mase 
srr 
se 
| 
4 hi 
Nasi Manu elie 
on Lettie | LT TIE TT 
0.01 0.04 0.1 04 1 4 10 40 100 1 2 4 710 20 40 70100 102 040.71 2 4 710 20 40 
I¢—Collector Current—mA \¢—Coliector Current—mA Var—Reverse Voltage—V 


FIGURE 8 FIGURE 9 FIGURE 10 


Capacitance—pF 
rey 


f{—Transition Frequency—MH2z 


Hybrid Parameters Relative to Values at Ic = 1 mA 


PN 
ol ING 


ty—Rise Time—ns 


2| VBElott) = 


Ta = 26°C 
1 Figure 1 Circuit 
10 20 «40 100 200 400 1000 10 20 «40 100 200 400 1000 
Ic~Collector Current—mA !¢-Callector Current—mA 
FIGURE 11 FIGURE 12 
ts vs ic tevsic 
1000 
TA™ 26°C 
Figure 1 Circuit 
— 
bad : 
E Bt) = —le(2) z 
& - 
Hy 3 
ZH Pe | 
Pag Pe + 
_ {_t 
Vee = 30 fl 
Ta = 25°C 
Figure 1 Circuit 
10 20 «40 100 200 400 1000 10 200 «40 100 200 «400 1000 
i¢-Collector Current—~mA \o—Collector Current—-mA 
FIGURE 13 FIGURE 14 


NOTES: 2. Capacitance measurements were made using chips mounted in TO-5 Packages, 
3. Cop measurement employs a three-terminal capacitance bridge incorporating a guerd circuit. The emitter is connected to the guard 
terminal of the bridge. Con, and Cibo Measurements are made with the third terminat floating. 


4. To avoid overheating the transistor, this parameter was measured with bias conditions applied for less than 5 seconds. 


5-104 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


CHIP TYPE N26 
N-P-N SILICON TRANSISTORS 


e@ N26isa 10 X 12-mil, epitaxial, planar, expanded-contact chip 
e Available in Silectt packages 


© For use in high-frequency (to 500 MHz), low-noise, common-base 
amplifier circuits requiring forward AGC characteristics 


electrical and operating characteristics at 25°C free-air temperature 


PARAMETER CONDITIONS 


ViBR)CBO Collector-Base Breakdown Voltage 


Collector-Emitter 
Vv = ig = 0, N 1 
(BRICEO sg eakdown Voltage I¢= 10 mA, B70. See Note 


ViBRIEBO Emitter-Base Breakdown Voltage 


IcBo Collector Cutoff Current Vcp= 10V, Ie =0 
h Static Forward Current Voce = 10V, ic =4mA 
ie Transfer Ratio Vee = 10V, ig= 10mA, See Note 1 
Voce = 10 V, Ic =4mA 
Vv Base-Emitter Vol 


OBSERVED VALUES 
Low TYP HIGH 


~ 
a 
i=) 


CORIGEA 


A 


[Vce=10V,  ic=4mA 0.75 0.8 
Roe ee eet po 
Soleamaainad i= GAA, len 4a a 
VE (sat) ; Vv 
Saturation Voitage Igp=1mA, ic = 10mA, See Note 1 | CS 
° VceE= 10V, Ic =4mA, f = 100 MHz 450 550 
Ti ition F 
' Vcop=10V, ie = 0, f= 1MHz, 
¢, Collector-Base cite 
sb sibattheeracnpaaining See Notes 2 and 3 
f F Voce = 10V, 1p = 0, #=1MHz, 
Cc Collector-Emitter Capacita 
See Notes 2 and 3 


Vcp = 10V, Ie = —4mA, 
erp? Square of Common-Base ‘ aoe zis eons en mi. 
F dT ission Coefficient = 
‘orward Transmission Coefficien See Note 2 # = 400 MHz 


om Voce = 10V, ic=3mA, Rg = 502, 
F Spot N F 
Penmaes # = 200 MHz 


tTrademark of Texas Instruments 
@These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
tpt? is equal to the insertion power gain of the transistor alone. 
NOTES: 1. These parameters were measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
2. Capacitance and s-parameter measurements were made using chips mounted in TIS125 packages. 
3. Cop and Cog measurements employ s three-terminal capacitance bridge incorporating a guard circuit, The third electrode (emitter 
or base, respectively) is connected to the quard terminal of the bridge. 
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TEXAS, INSTRUMENTS 5-105 


NCORPORATED 
POST OFFICE BOX 8012 © DALLAS, TEXAS 75222 


CHIP TYPE N26 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


hee vs ic 
200 
9 Voce * 10V 
4 180 
2 3 160 > 
5 —= iH 140 << H 
ee O—$—— £ Ta = 126°C 3 
= A 120 > 
4 ol be } 
4 } 80 i 
60 
1 ‘G y 
3 zg 40 2 
8 04 8 on 
im See Note 1 
0.1 £0 C) 
25 50 7% 100 «126160 01 04 1 4 10 40 100 
Ta—Free-Air Temperature—"C \¢—Collector Current—mA \c¢—Collector Current—mA 
FIGURE 1 ‘ FIGURE 2 FIGURE 3 
VCE (sat) v5 Ic fr vs ic Cob. Cog v8 VR 


i000 a 
f= 100 MHz i To7 Mie 


2 
Tas26°C 4} tt TaA2 26°C 


> 
} 
be z Sea Notes 2 and 3 
$ = 
. 
i i ie 
: F in 
£ ry aa 
5 a 8 3 

5 = 
H i Wa 

1 
8 E 
3 Vv 5V 
3 Ce 

0.1 02 O4 071 2 4 7:10 1 2 4 7 10 01 02 04 O07 1 2 4 710 
\e—Collector Current—mA I¢—Collector Current-mA Via—Reverse Voltage—V 
FIGURE 4 FIGURE 5 FIGURE 6 
BtoF vs f iets 2 vs f 


Vop = 10V 
ZG *ZL=502 +j0 
[Tas 25°C 
See Note 2 


t 
Vop=10V 


fp 2—Square of Forward Tramsmission Coefficient—d8 
i 
a 

kp 2—-Square of Reverse Transmission Coefficient—dB 


ZG =Z_ =502 +0) 
—12 | Ta = 25°C 
-16 See Note 2 
100 200 400 700 1000 
t—Frequency—MHz Z {-—Frequency—MH2z 
FIGURE 7 FIGURE 8 


NOTES 1. These parameters were measured using pulse techniques, ty = 300 us, duty cycle < 2%, 

. Capacitance and s-parameter measurements were made using chips mounted in T!IS125 packages. 

- Cop and Cog measuraments employ a three-terminal capacitance bridge incorporating a guard circult. The third electrode (emitter 
or base, respectively) is connected to the guard terminal of the bridge. 
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5-106 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX S012 ¢ DALLAS, TEXAS 75222 


CHIP TYPE N26 

N-P-N SILICON TRANSISTORS 
TYPICAL CHARACTERISTICS 

COMMON.-BASE INPUT REFLECTION COEFFICIENT, sip 


and 


NORMALIZED INPUT IMPEDANCE 


Vc = 10 V, ZG = ZL = 50 & + j0, Ta = 25°C 
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These measurements were made using chips mounted in TIS125 packages. 
FIGURE 9 
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5-107 


CHIP TYPE N26 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON-BASE OUTPUT REFLECTION COEFFICIENT, sop, 
and 
NORMALIZED OUTPUT IMPEDANCE 
Vos = 10 V, 2g = Z, = 50 2 + j0, Ta = 25°C 


LOK . 
‘eae ed, / oe : 
se weeahesimmaeseae 
ititepeneriemaeerere, 
ompowrnr(-)T | Tt 


These measurements were made using chips mounted in TIS125 Packages. 


FIGURE 10 
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NCORPORATED 
POST OFFICE BOX $012 « DALLAS, TEXAS 75222 


CHIP TYPE N27 
N-P-N SILICON TRANSISTORS 


e N27 isan 18 X 18-mil, epitaxial, planar, direct-contact chip 
e Available in Silectt packages 
e For use in high-voltage amplifier circuits 


electrical characteristics at 25°C free-air temperature 


ViBR)CBO Collector-Base Breakdown Voltage | Ic = 100 uA, Ig =0 160 190 } ve | 


Collector-Emitter 
Vv Ic =1mA, Ig = 0, See Note 1 140° #1 Vv 
(BRICEO Breakdown Voltage = |v | 


VIBRIEBO Emitter-Base Breakdown Voltage | te = 10 HA, Ig=0 [oe 7 i 
ICBO Collector Cutoff Current Vp = 100V, Ig =0 ee ee) 
lEBO Emitter Cutoff Current Vep=4V, Ic= )__<01 50] nA_| 


Static Forward Current 
Transfer Ratio 


VBE Base-Emitter Voltage Vce=5V, Ic =10mA, See Note 1 


7 Collector-Emitter ig =1mA, Ig¢=10mA O2 0.2 
CE(sat) saturation Voltage ig =5mA, 1c =50mA, See Note 1 a ee) 


Smatl-Signal Common-Emitter 
Input Impedance 
Small-Signal Common-Emitter 


hie 


h 
te Forward Current Transfer Ratio 


: Small-Signal Common-Emitter 
re Reverse Voltage Transfer Ratio 


h Small-Signal Common-Emitter h 
imho 
oe Output Admittance ia 
fr Transition Frequency Voce = 10V, Ic =10mA, f = 20 MHz 100 160 i MHz | 
Vep= 10V, ie = 0, f= 1 MHz, 
Cotlector-Base Capacitance Ce 7 e 17 45 
See Notes 2 and 3 


cb 
Veg = 0.5V, Ic = 0, f=1 MHz, 
Emitter-Base Capacita 
See Notes 2 and 3 


tTrademark of Texas Instruments 
These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1. This parameter was measured using pulse techniques. ty = 300 Hs, duty cycle < 2%. 
2, Capacitance measurements were made using chips mounted in TO-92 packages. 
3. Cob and Ceb measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or collector, respectively) is connected to the quard terminal of the bridge. 
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TEXAS INSTRUMENTS 5-109 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


CHIP TYPE N27 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


VBE vs Ic 
1000 1 
2 
€ 700 09 
< ia 
[ 400 > 08 
g 3 if 
s & 8 07 
5 & 200 £ 
= § = o6 
2 5 3 
3 8 100 = 05 
5 gz 70 wi 
04 
8 40 0.3 
§ : " 
g 0.2 
3 & 20 2 
- a 01 
wm 
= 40 0 See Note } 
0.10.2 040.71 2 4 710 20 40 70100 Ot o4 1 4 10 40 100 
Ta—Free-Air Temperature—C. \¢—Collector Current—mA (¢—Collector Current-mA 
FIGURE 1 FIGURE 2 FIGURE 3 
VCE(sat) 5 Ic hie Mfe, bre, Noe vs Ig 


YCE(sat)—Collector-Emitter Saturation Voitage—V 
Hybrid Parameters Relative to Values at Ic = 10 mA 


0.1 0,2 0.4 1 2 4 10 20 40 100 


\e¢—Collector Current—-mA ‘ {¢—Collector Current-mA 
FIGURE 4 FIGURE 5 
Cob vs Vep Cob vs Ves 
10 et reer 20 
te=0 
97 f= 4MH2 aoe 
= 28° 
» uw af TAT 25°C , 16 
= a See Notes 2 and 3 g 
] € 
i 3 7 g 14 
iy é g 
§ g 6 a 12 
g & 8 
ic é 5 & 10 
c 3 5 8 
: Lae i 
Eo “8 ears 
Lal g t lo =O 
£ o 2 é* Feat be ] 
1 2h TA= 25°C 
| See Notes 2 and 3 
(0) 0 
1 2 4 7 10 20 40 70100 o4 0.4 1 4 10 40 100 0.1 0.2 04° 07 1 2 4 
I¢~Collector Current—mA. Vcp—Cotlector-Base Voltage—V Vee—Emitter-Base Voltage—V 
FIGURE 6 FIGURE 7 FIGURE 8 


NOTES: 1. This parameter was measured using pulse techniques. tw = 300 us, duty cycle < 2%, 
2. Capacitance measurements were made using chips mounted in TO-92 packages. 
3. Ceb and Cepy measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third-electrode (emitter 


or collector, respectively) is connected to the guard terminal fo the bridge. 


5-110 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 +» DALLAS, TEXAS 75222 


CHIP TYPE N28 
N-P-N SILICON TRANSISTORS 


e@ N28is an 11 X 15-mil, epitaxial, planar, expanded-contact chip 


e Available in TO-72 and Silectt packages 
e For use in UHF amplifier, oscillator, and mixer circuits 
requiring low noise and high gain 


electrical and operating characteristics at 25°C free-air temperature 


PARAMETER CONDITIONS 


V(BR)CBO Collector-Base Breakdown Voltage | Ic = 10 uA, Ip =0 Y2¢ 35 | vi 


Collector-Emitter 
v Io = 2 mA, ig =0, See Note 1 
(BRICEO greakdown Voltage Chem 8 | we | 
VIBRIEBO Emitter-Base Breakdown Voltage peta, ieso ee | 


IcB0 Collector Cutoff Current Voce =6V. Ie =0 <0.1 10 


Static Forward Current 
Transfer Ratio 


VBE Base-Emitter Voltage 


Collector-Emitter 


hre 


Square of Common-Emitter 


Pte 2 


Forward Transmission Coefficient? 


Cob Collector-Base Capacitance é f= 1 MHz, 
Ceb Emitter-Base Capacitance Veg =0.5V, Ic =0 See Notes 2 and 3 


tp'Co Collector-Base Time Constant 


See Note 2 
Ves =6V, 
F Spot Noise Figure cB 
le =—2mMA 
t Trademark of Texas Instruments 


These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
t bt 2 is equal to the insertion power gain of the transistor alone. 
NOTES: 1. These parameters were measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
2. Capacitance, rp’C,, and s-parameter measurements were made using chips mounted in TO-72 packages. 
3. Cop and Cgp measurements employ a three-terminal capacitance bridge incorporating @ guard circuit. The third electrode (emitter 
or collector, respectively) is connected to the guard terminal of the bridge. 
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INCORPORATED 
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CHIP TYPE N28 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


'cBo v8 Ta hee vs Ic 


OE eS SE OE 

VcE=6V Bat 

| men 

eee Note Wren te mmnanti 
a 

|| rh 


g 


2 
¢ é 
£ 100 Li 400 Su? ae 
oO ——_———— ao 
E 40 S 
3 & 
ba 10 € 
2 4 : 
o ts} 
= 0.4 SS ee = 
8 & ate [tt H Ta = 55°C 
9 0.1 = 
o & 20 
= 0.04 if 
oorL__| [TT = 
25 1 2 4 7 10 20 40 70100 
Ta—Free-Air Temperature—°C ‘ !c—Collector Current—mA 
FIGURE 1 FIGURE 2 


VCE (sat} ¥8 Ic 


—-1 
eee Ein 
Sane ll 


TA= 25°C LAT 
. oS ae 


=ane=- bis 


——_ ae | ean 
=H et 


See Note 1 


1 2 4 #710 2 40 70100 1 7:10 20 40 70100 
Ic—Collector Current—mA 


VpeE—Base-Emitter Voltage—V 


VCE(sat)—Collector-Emitter Saturation Voltage—V 


Ic—Collector Current—mA 


FIGURE 3 FIGURE 4 


NOTE 1: This parameter was measured using pulse techniques. ty = 300 us, duty cycle < 2%, 
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NCORPORATED 
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CHIP TYPE N28 
N-P-N SILICON TRANSISTORS 


nl 


TYPICAL CHARACTERISTICS 


28 Voce =6V 9 ieee ak LM ll ! 

bs set atac-son {UTM TTT Uh 

Aral ts tare ail 
7 

V4 


RA 
a ea 
A A A a 
wail mat 


F-Spot Noise Figure~dB 
a 


fT—Transition Frequency—GHz 


CT nn 
SHH CCU | 


1 2 4 7 10 20 40 Or O4 4 4 10 40 100 4001000 
I¢~Collector Current—mA : f—Frequency—-MHz 
FIGURE 5 FIGURE 6 


Cep vs VEB 


Cob—Collector-Base Capacitance—pF 


0 See Notes 2 and 3 


ou 
01 02 04071 2 4 7 10 Or 02 04 07 1 2 4 
Vep—Collector-Base Voitege—-V Vep—Emitter-Bese Voitege—V 
FIGURE 7 FIGURE 8 


Mi 
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brei2—Square of Reverse Transmission Coefficient—oB 


bfe(2—Sauare of Forward Transmission Coefficient—-dB 


~20 
—24 
23 
32 
36 
2 
0.1 0,2 o4 07 1 2 4 0.1 02 oe 07 1 2 4 
f-Frequency—GHz f—Frequancy--GHz 
FIGURE 9 FIGURE 10 


NOTES: 2. Capacitance, tp’Cc, and s-parameter measuraments were made using chips mounted in TO-72 packages. 
3. Cop and Cap measurements employ a three-termina!l capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or collector, respectively) is connected to the guard terminal of the bridge. 
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CHIP TYPE N28 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON-EMITTER INPUT REFLECTION COEFFICIENT, sig 
and 
NORMALIZED INPUT IMPEDANCE 
Voce 6 V, Zg = 2, = 50 2 + j0, Ta = 25°C 


18 SSS 
S SESS 
OOS or erercotenseceres 


Lhe 
PART | 
LPT 


1900 MHz 0.29 


These measurements were made using chips mounted in TO-72 packages. 


FIGURE 11 
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CHIP TYPE N28 
N-P-N SILICON TRANSISTORS 


CAL CHARACTERISTICS 


TYPl 

COMMON-EMITTER OUTPUT REFLECTION COEFFICIENT, Sog 
and 

NORMALIZED OUTPUT IMPEDANCE 


Vee = 6 V. 2G = ZL = 50 2 +0, Ta = 25°C 
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These measurements were made using chips mounted in TO-72 packages. 
FIGURE 12 
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5-115 


CHIP TYPE N29 
N-P-N SILICON TRANSISTORS 


e N29 isa 10 X 12-mil, epitaxial, planar, expanded-contact chip 


Available in Silectt packages 
For VHF mixers and IF amplifiers not requiring AGC 
characteristics 


electrical and operating characteristics at 25°C free-air temperature 


OBSERVED VALUES 
PARAMETER CONDITIONS POBSERLVEO!VALUES| NIT 
ViBR)CBO Collector-Base Breakdown Voltage | Ic = 100 uA, le =0 45¢ 75 |v | 


Collector-Emitter 
Vv I¢=1mA, Ig =0, Note 1 
V(BRIEBO Emitter-Base Breakdown Voitage | Ie = 100 uA, Ic=0 | 4 5s vi 
IcBo Collector Cutoff Current Vep = 30V, te=0 | ss <Ot 50] 


<0.1 | nA | 
ee Temernne RS eee 
Transfer Ratio 

[Vee Base-Emitter Voltage «Vc 15V, _Ig=10mA, Seo Note 
VoEIsat  Seruretion Volege ieee sean [os os] v 


Vce = 15 V, 1 =15mA, 1 = 20 mA, 
2) Ratio of Transition Frequencies ce (1) " c(2) = 0.66 0.85 
fri) if = 100 MHz 


igs8ma| as 
Fre? Forward Transmission Coefficient? ep} 


Cob Collector-Base Capacitance Veg = 10V, ig =0 f = 1 MHz, 0.30 0.36 | PF | 
[Cab __EmitrBane Cociance —]Vew=08V,__To=0 See Now 2and 3 8 oF] 


g 


Square of Common-Emitter 


Veep = 15V, Ig =—4 mA, f = 79.8 MHz, 
Tp'Co Collector-Base Time Constant ae F , ; 7 10 
See Note 2 
Vee = 15 V, Ic =4mA, Rg = 502, 
F Spot Noise Fi 


tT Trademark of Texas Instruments 
These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
t iste is equal to the insertion power gain of the transistor alone. 
NOTES: 1. These parameters were measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
2. Capacitance, fp’Ce, and s-parameter measurements were made using chips mounted in T!1S126 packages. 
3. Cob and Cep Measurements employ a three-terminai capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or collector, respectively) is connected to the guard terminal of the bridge. 
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INCORPORATED 
POST OFFICE SOX 5012 + DALLAS, TEXAS 75222 


CHIP TYPE N29 
N-P-N SILICON TRANSISTORS 


a 


TYPICAL CHARACTERISTICS 


hee vs ic 


VpeE—Base-Emitter Voltage—V 


Icgo—Collector Cutoff Current—nA 


heg—Static Forward Current Transfer Ratio 


L iJ 
26 50 ry 100126 150 1 2 4 7 0 20 40 
Ta—Free-Air Temperature— Cc Ig—Collector Current—mA I¢—Collector Current—mA 
FIGURE 1 FIGURE 2 FIGURE 3 
VcE (sat) ** 'c fr vsle Cob vs VeB 
> 
A : VcE=15V to 
. f= 100 MHz 09 
$ = % os 
5 = a 
: i b o7 
3° z s 
8 0. 3 3 O6 
g 
i . ie S os 
i ‘ : H 0.3 
g . £ 8 0.2 
5 0 Bor 
8 ° 
1 2 4 7 10 20 40 01 02 04 071 2 4 71 
Ie—Collector Current—mA Veg—Collector-Base Vottage—V 
FIGURE 4 FIGURE 6 
Cop vs VEB Fre P vs f 
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oN SF @ 


te 2—Squere of Forward Transmission Coefficient—dB 


01 02 04 0.71 2 4.710 
Veg—Emitter-Base Voltege—V t—Frequency—MHz 


FIGURE 7 FIGURE 8 FIGURE 9 


NOTES: 1. These parameters were measured using pulse techniques. tw ~ 300 ys, duty cycle < 2%. 
2. Capacitance, rp’Cc, and s-parameter measurements were made using chips mounted In TIS126 packages. 
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CHIP TYPE N29 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 
COMMON-EMITTER INPUT REFLECTION COEFFICIENT, sig 
and 
NORMALIZED INPUT IMPEDANCE 
VcE = 10 V, 2g = 2, = 50 2 + j0, Ta = 25°C 


E E! 
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ee 


These measurements were made using chips mounted in TIS126 packages, 


FIGURE 10 
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CHIP TYPE N29 
N-P-N SILICON TRANSISTORS 


en 


TYPICAL CHARACTERISTICS 


COMMON-EMITTER OUTPUT REFLECTION COEFFICIENT, soe 
and 
NORMALIZED OUTPUT IMPEOANCE 
VceE 2 10 V, 2g = ZL 2 50 &2 + j0, Ta=25C 


aA 
KTS 
CSS 


1s 
SS 
SSS 


o =27 ; 
0.88 -3? 0.88 —32° 0.88 


These measurements were made using chips mounted in T1S126 packages. 


FIGURE 11 
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INCORPORATED 
POST OFFICE BOX 5012 + DALLAS. TEXAS 75222 


CHIP TYPE N30 
N-P-N SILICON TRANSISTORS 


@ N30 is a 10 X 12-mil, epitaxial, planar, expanded-contact chip 
© Available in Silectt packages 


@ For use in VHF/UHF common-base oscillator and amplifier circuits 


he 


electrical characteristics at 25°C free-air temperature 


PARAMETER CONDITIONS 


ViBR)CBO Collector-Base Breakdown Voltage | ic = 100 uA, te =0 


Collector-Emitter 
Vv lo=1mA, Ig =0, Ss 1 
(BRICEO Breakdown Voltage c 2 529 libded 
ViBRIEBO Emitter-Base Breakdown Voltage | le=10uA, ics 
lepo Collector Cutoff Current Vea 7 25V, le=0 <0.1 


Static Forward Current Vee = 10 V, lo=4mA 60 
h See Note 1 
Fe Transfer Ratio Vee = i0V, ic =10mA I 
VBE Base-Emitter Voitage VceE = 10 V, ic=4mA, See Note 1 0.75 


<r 
2 Square of Common-Emitter Voce = 10V, to*4mA, f= 400 MHz, 
cb 
ce 


OBSERVED VALUE: 
Low. TvP_ Hic 


¢ 
< 


= 


3 
<le BL < [eI 


= 
a) 
° 
wo 


C, Collector-Base Capacitance Vop= 10V, le =0 f= 1 MHz, 
¢, Collector-Emitter Capacitance Voce = 10V, Ig =0 See Notes 2 and 3 


Vep * 10 V, le =-10 mA, f = 79.8 MHz, 


‘C, Collector-Base Time Co: it 
th'Ce ector-Base Time Constan See Note 2 


9° 
a 
° 
o 


T Trademark of Texas instruments 
*These values do not modify guaranteed limits for specific devices and do not justify Operation in excess of absolute maximum ratings. 
eF is equal to the insertion power gain of the transistor atone. 
NOTES: 1. These parameters were measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
2. Capacitance, fp'Ce, and s-parameter measurements were made using chips mounted in Silect Packages. 
3. Cop and Cog measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or base, respectively) is connected to the guard terminal of the bridge. 
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CHIP TYPE N30 
N-P-N SILICON TRANSISTORS 


icBo—Collector Cutoff Current—nA 


Vge—Base-Emitter Voltage—V 


TYPICAL CHARACTERISTICS 


lego vs Ta 


heE—Static Forward Current Transfer Ratio 


25 50 75 100 125 150 
Ta—Free-Air Temperature—C 
FIGURE 1 
Vee vs Ic 
i Fl a es 
0.9 Lhd ee 
oe om ca | 
fase CCH 
0.6 [taz7C Ltt Ty ee ee 
a 


: 

a HH 
‘ Et Ee 
eae a 


1 2 4 7 10 20 40 
I¢—Collector Current—mA 


FIGURE 3 


VCE (sat)—Collector-Emitter Saturation Voltage-V 


hee vs ic 


1¢—Collector Current—mA 
FIGURE 2 
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Ic¢—Collector Current—mA 


FIGURE 4 


NOTE 1: This parameter was measured using pulse techniques. ty, = 300 us, duty cycle & 2%. 
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CHIP TYPE N30 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


fT—Transition Frequency—GHz 


Ic—Collector Current—-mA 
FIGURE 5 
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2G= 2L- 50 22 +j0 
Ta =25°C 
See Note 2 
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FIGURE 7 


Cob, Cog vs VR 
f=1MHz 
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See Notes 2 and 3 ell 
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Vr—Reverse Voltage—V 
FIGURE 6 
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e VceE = 10 V 


—12}ZG= 721," peel 
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sre[2~Square of Reverse Transmission Coefficient—-dB 


eae: 


FIGURE 8 


NOTES: 2. Capacitance, Tp'Co, and s-parameter measurements were made using chips mounted in Silect packages. 
3. Cop and Cog measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or base, respectively) is connected to the guard terminal of the bridge. 
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CHIP TYPE N30 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON-EMITTER INPUT REFLECTION COEFFICIENT, sje 
and 
NORMALIZED INPUT IMPEDANCE 
VcE = 10 V, Zg = 2, = 50 2 + j0, Ta = 25°C 
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These measurements were made using chips mounted in Silect packages. 


FIGURE 9 
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CHIP TYPE N30 
N-P-N SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON-EMITTER OUTPUT REFLECTION COEFFICIENT, Sog 
and 
NORMALIZED OUTPUT IMPEDANCE 
VcE = 10 V, Zg = 2, = 50 2 + j0, Ta = 26°C 
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These measurements were made using chips mounted in Silect packages. 


FIGURE 10 
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CHIP TYPE N31 
N-P-N SILICON TRANSISTORS 


e N31 isa 26 X 26-mil, epitaxial, planar, direct-contact chip 
e Available in TO-39 and Silectt packages 
e For use in high-voltage amplifier circuits 


electrical characteristics at 25°C free-air temperature 


ERVE! UES 


ViBR)CBO Collector-Base Breakdown Voltage | Ic = 100 #A Ig =0 | 250° 360 i 


c A. = 
v cscea ama aniaeh Ig = 10 mA, ig<0 See Note 1 v 
= = 7 
(BRICEO preakdown Voltage c y ge e 

ViBRIEBO Emitter-Base Breakdown Voltage _ | te = 100 HA, ic=0 6 o5 =| Vv | 
IcBo Coltector Cutoff Current Vcp = 100V, ig =0 <0.1  50{ nA_| 

Voe=i0V, Ig=4mA [30165 | 
Voce = 10V, ig= 20mA 30.1 300 


VcE = 10V, 1¢=40mA 


VBE Base-Emitter Voltage Vce = 10V, Ic = 20 mA, See Note 1 0.7 1 


Collector-Emitter 
a —arenation Frequency [Weg 20V, tgs 20mA, f= 20mHe [70 ve [ne | 
SeeNowes2and3f 5 | oF _ 


Static Forward Current 
Transfer Ratio 


tTrademark of Texas Instruments 
These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1. This parameter was measured using pulse techniques. ty * 300 us, duty cycle < 2%. 
2. Capacitance measurements were made using chips mounted in TO-39 packages. 
3. Cop and Cg, measurements employ a three-terminal capacitance bridge incorporating a guard circuit. Tha third electrode (emitter 
or collector, respectively) Is connected to the guard terminal of the bridge. 
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CHIP TYPE N31 
N-P-N SILICON TRANSISTORS 


teg0—Collector Cutoff Current—nA 


NOTES: 


§-126 


te 
. Capacitance measurements were made using chips mounted in TO-39 packages. 
« Cop and Cap measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 


Qn 


IcBo vs Ta 


Ta—Free-Air Temperature—"C 


TYPICAL CHARACTERISTICS 


bee vs Ic 


Vpe—Base-Emitter Voitage~V 


heE—Static Forward Current Transfer Ratio 
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FIGURE 1 FIGURE 2 FIGURE 3 
Vee (sat) vs Ic 

7 os 
ects 
(J 
2 Bk te 1 yi 
gC CLT Mila sre 7] : 
8 ost _| TUM TT : 
: anit i 
é § 
se a 
= 
w 
4 

1 2 4 71 2 40 70100 1 2 4 710 2 40 70100 

(¢—Collector Current—-mA I¢—-Collector Current—-mA 
FIGURE 4 FIGURE 5 
Cop vs Vee 

10 

Orf=1MHz 

8 TA= 25°C 


See Notes 2 and 3 
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Vcp~Coltector-Base Voltage—V 


FIGURE 6 


VeBp—Emitter-Base Voltage—V 


FIGURE 7 


This psrameter was measured using pulse techniques. ty, = 300 us, duty cycle < 2%, 


or collector, respectively) is connected to the guard terminal of the bridge. 
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CHIP TYPE Pt 
P-N-P SILICON TRANSISTORS 


e P11 isa 13 X 21-mil, epitaxial, planar, expanded-contact chip 
e Available in TO-18 packages 
e For use in high-speed, medium-current switching circuits 


electrical and operating characteristics at 25°C free-air temperature 


PARAMETER OBSERVED VALUES UNIT 
Low TYP _ HIGH 


ViBR)CBO Collector-Base Breakdown Voltage | Ic = —10 HA, \e=0  -18* -30 | VC 


Collector-Emitter 


Vv Ic =—-10 mA, Ip=0 See Note 1 -12¢ —17 Vv 
(BR)CEO Breakdown Voltage ¢ 9 B 


ViBRIEBO Emitter-Base Breakdown Voltage | Ip = —10KA, Ic =0 


1cBO Collector Cutoff Current Vee = —10V, le =0 TS —<0.1_——10] nA _| 
Voce =—0.5V, Ic =—10mA 40 75 200 
Static Forward Current cE c = 
hee . VceE=—0.5V, i¢ = —30 mA See Note 1 30 60 
Transfer Ratio 
Voe==1V, Ic 100 mA [1040 
ig =—1mA, Ic =—-10mA -0.75 -08 —1.0 
Vv -Emitter Volta See Note 1 Vv 
ie cies Ig=—tOmA, i= —100 mA a Tt 1.28 
Collector-Emitter Ig =—1 mA, Ic =—-10mA —0.07 -—0.15 
VCE (sat) 7 : 5 £ See Note 1 Vv 
Saturation Voltage Ig =—10mA, I¢ = —100 mA [0.25 —0.5| 
ee VoE==1V, gz toma, f= tooMHe | 00 
ransition Frequency Vce = —10V, Ic =—10mA, #= 100 MHz | 400 siz 


T 
Common-Base Open-Circuit Vcp=-5V, le = 0, f= 1MdHz, 
Cobo : 3.3 6 
Output Capacitance See Note 2 
c Common-Base Open-Circuit Veg= -0.5V, tc =0, f= 1 MHz, 
ibo Input Capacitance See Note 2 


tg Delay Time Vec=-3V, I¢ = —10 mA, 2N3576 
lett) =—1mA, Vector) ~0_| Date 


Rg Storage Time «dV = 8, IC —10mA, | Sheet 
ra Tine tay =m, twiy tema | Ciro 


Vec=-3V, Ic = —10 mA, Igu4) = —1 mA, 


Ip(2) ¥ 1 mA, VBE loft) ¥4-1V, See Figure 1 


these values do not modify guaranteed timits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1. These parameters were measured using pulse techniques. ty, = 300 ws, duty cycle < 2%. 
2. Capacitance measurements were made using chips mounted in TO-18 packages. 
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CHIP TYPE P11 
P-N-P SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


Vee =4.1V Voc =-3V tp<1ns te<1ns 
ov 
INPUT 
-10V —= 
OUTPUT 
potonel = toff —| 
' 
INPUT gic al ae naa 
— te —~ tf ‘ai 
1 90% °* 90% ' 
. VCC—VCE (sat) | ! aids 
nn To 10% 10% 


(See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Zou = 50 2, tw * 200 ns, duty cycle < 2%. 
b. Waveforms are monitored on en oscilloscope with the following characteristics: t; © 1s, Rin # 100 kN, Cin <7 pF. 


FIGURE 1—SWITCHING TIMES 
TYPICAL CHARACTERISTICS 


hee vs ic 


iia CINE 
20 taser [Ta = 86°C INI If 20 HR 


hFE—Static Forward Current Transfer Ratio 
hre—Static Forward Current Transfer Ratio 


hfe-Static Forward Current Transfer Ratio 


il i 


ail 
LUT UM 


0.1 -I 
I¢—Collector Current—mA i¢—Coltlector Current—mA ees Current—mA 
FIGURE 2 FIGURE 3 FIGURE 4 


IcBo vs Ta VcE (sat) vs Ic 


[7A 


Vpe—Base-Emitter Voltage—V 


Scpo—Collector Cutoff Current—nA 


VCE{sat)—Collector-Emitter Saturation Voltage—V 


0.01 
ri} 50 7S 100 126 160 0.1 -! -10 -100 1000 
Ta—Free Air Temperature—C ic—Collector Current—mA i¢—Coliector Current—mA 
FIGURE 5 FIGURE 6 FIGURE 7 


NOTE 1: These parameters were measured using pulse techniques. ty = 300 us, duty cycle < 2%, 
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CHIP TYPE Pit 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Cobo. Ceb V8 VCB Cibo vt VEB 
1000 
900 }Ta = 25°C 
= 800 *% 
T 700 i 
| bee 
u 500 i 
& 300 4 
e 
200 é 
100 
0 
=1 -2 -4 -10 -20 ~-40 -100 0.1 -02 -04-07-1 -2 -4 -7-10 0.1 -02 -04 07-1 -2 -4 
t¢-Collector Current—mA Vep—Collector-Base Voltage—V Vep—Emitter-Base Voltage—V 
FIGURE 8 FIGURE 9 FIGURE 10 
ta, te vs Ta 
50 
46 Vee(otf) 4.1 V 
40 Themes 
VBE (oft) * 9 Figure 1 Circuit 
'2N3576 oy KJ i 
30 
£ = 
22 = 
Eo i 
18 ? 
10 
5 
0 
2 
Ta—Free-Air Temperature—°C Ta—Free-Air Temperature—"C I¢—Collector Current—mA 
FIGURE 11 FIGURE 12 FIGURE 13 


ty vsic tevsic 
2 
ae Vcc =-3V | Veco 2=-3V 
VBE(off) ¥4.1¥ Ta = 28°C 
| TA* 28 fo Figure 1 Circuit 
20 Figure 1 Circuit } “ 
* ; 
2 
: 6 £ i 15 
E Lad tea) = 1 =¢ i 
Fed 3 Bit) "1B (2) = 36 E 
3 8 3 
10 u 10 
. Voc *-3V : Ic anpe 
ain +8 Ta 26°C Bin) = 1812) * ig | 
0 ay Ltt Figure 1 Circuit 0 
-10 -20 —40 -60 —100 -10 -20 —40 -70 -100 —10 —20 -40 -70 -100 
I¢-Coltector Current—mA I¢—Collector Current—mA I¢—Coltector Current—mA 
FIGURE 14 FIGURE 15 FIGURE 16 


NOTES: 2. Capacitance measurements were made using chips mounted In TO-18 packages. 
3, Cop, measurement employs 4 three-terminal capacitance bridge Incorporating a guard circult, The emitter is connected to the 
guard terminal of the bridge. Cong measurement is made with the third terminal floating. 
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5-130 TEXAS INSTRUMENTS 


CHIP TYPE P12 
P-N-P SILICON TRANSISTORS 


e P12is a 26 X 26-mil, epitaxial, planar, direct-contact chip 
@ Available in TO-39 or plastic dual-in-line quad packages 


e For use as a high-speed, high-current memory-core driver 
or other medium-current (to 1.5 A) switching circuits 


ae 


electrical and operating characteristics at 25°C free-air temperature 


PARAMETER CONDITIONS 
V(BR)CBO Collector-Base Breakdown Voltage | Ic = —10 nA, le =0 


o* - 
Collector-Emitter 
Vv Ic = —10 mA, Ig = 0, See Note 1 —40* -50 
(BR)CEO Breakdown Voltage c . Pek 


V(BR)EBO Emitter-Base Breakdown Voltage | fe = —10HA, Ic=0 
IcBo Collector Cutoff Current Vcop * —20V, le =0 


lEBO Emitter Cutaff Current Vepz-4V, I¢ =O 
Vcoe=-1V, I¢ = —150 mA 
Voce =-1V, I¢ = —500 mA See Note 1 
VoeE=-5V, I¢ = —-750 mA 
Voce =-5V, Ic=-1A 
ip =—15mA, Ig = —150 mA -0.80 —1.1 
ip =—50mA, Ig = —500 mA See Note 1 —0.88 —1.5 
Ig = —100 mA, t¢=-1A 
Ip =—15mA, ic¢ = —150 mA —0.18 —0.35 
Ig = —50 mA, tc =—500mA_ | See Note 1 
Ig=—100mA, ic =-1A 
[MHz | 


fT Transition Frequency Voce =—10V, I¢ = —SO mA, f = 100 MHz | 150 350 


OBSERVED VALUES 
LOW TYP HIGH 
—“4 7 


UNIT 


° 


-<10 = 


Static Forward Current 
Transfer Ratio 


N 
oa 
J 
i=) 


Base-Emitter Voltage 


Collector-Emitter 


Vv 
CE (sat) Saturation Voltage 


Common-Base Open-Circuit 
m ipen-Gircul Veg = -10V, Ig=0 


C. 
‘obo Output Capacitance 


Common-Base Open-Circuit 
Cj Veg =—0.5V, Ic=0 
ibo Input Capacitance EB c 


f = 1 MHz, 
See Notes 2 and 3 


P80 Per] 
Vee =30V, Ig —S00mA, | aneaa[ 
Fe Rie Time ay 80m, Vator) ~2V_| Date ial 
[Storage Time ——_-|¥cc=-S0V, —i¢~-500mA, | Sheet a cea 
Re Fatima) 80m, Iga) = BOMA | Circuit ae 
fie Time Veo -80V, p= -800mA, —tg(ny ~-80ma, [| 
a Storage Tie | fata) ~ 50mA, Ve ctonty ~4.1V, SeoFiguet [40 | 
ae a 


These values do not modify guaranteed limits for specific devices and do not justify operation In excess of absolute maximum ratings. 
NOTES: 1. These parameters were measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
2. Capacitance measurements were made using chips mounted in TO-39 packages. 
3. Cop and Cg, measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or collector, respectively) is connected to the guard terminal of the bridge. Cong and Cjpg Measurements are made with the third 
terminal floating. 


INCORPORATED 
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CHIP TYPE P12 
P-N-P SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


Veg =4.1V Veco = -30 V tr < 1s 1¢<5ns 


ov 
INPUT 
-10v —=4 


INPUT 1 
itr e— —+ tf a 
| 90% ?* 90% ' oe 
= prg- ot tp, - VocrVceisat) [.-> eae 
= B ie = RL ie 10% 10% 


(See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 
NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Zou, = 50 SQ; for measuring tg and t,, 
tw * 200 ns, duty cycle < 2%; for measuring t, and ty, ty * 10 us, duty cycle < 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: ty < 1 ns, Rip < 100 k92, Cj, & 7 pF. 


FIGURE 1~-SWITCHING TIMES 
TYPICAL CHARACTERISTICS 
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FIGURE 2 FIGURE 3 FIGURE 4 
VBE v5 Ic , VcE(sat) vs Ic 
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| -( 
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7a. 3, 
B. t. 
a i 
ss i- 
i 
i -0, j +0, 
S70 § -0. 
: L 
Xo “40 =100 =400 = 1000 : * <1 “4 +10 “40-100 400 ~1000 
le —Collector Current —mA le — Collector Current — mA 
FIGURE 5 FIGURE 6 


NOTE 1: These parameters were measured using pulse techniques. tw = 300 us, duty cycle & 2%, 
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CHIP TYPE P12 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Cibo: Cob vs VEB 


\c=0 


f= 1MHz 
Ta = 26°C 
See Notes 2 and 3' 


tT—Transition Frequency—MHz 
Capecitance — pF 


0.5 0.4 7 “4 0 40 A) 0.2 0.4 0.7 -1 2 ~ 
I¢-Col Currents: Veg — Collector-Bose Voltoge — V Veg — Emitter-Bese Voltage — V 
FIGURE 7 FIGURE 8 FIGURE 9 
tg, te vs TA ts, tevs TA 
20 are ea 100 
18 i 
16 —— 40 
14 tr Voc = -30V 
I¢ *-500 mA 20 
12 Voc = -30V e ipa) * -60 mA 
10 Ic™ 000A z 1p(2)=50mA | E 1.0 
= Ipi1) * —60 mA = 2N3244 Circuit i ? 
48 suction 2 4 a 
6 IN3244 Circuit $ 4 
: 2 
2 
0 1 
6 50 7 100 . -10 -20 -40 -100 -200 -400 -1000 
Ta—Free-Air Temperature—"C TaFree-Air Temperature—"C \e—Collector Current—mA 
FIGURE 10 FIGURE 11 FIGURE 12 


Hl 
h 
rT |tetn) = -1e12) = 3% 


he i] 
AR LI 
ta(1) = —1e12) * $ nit 
» 


4 
Yeu) * aa N 


ty—Fall Time—ns 


mil 


Voc = -30V 
VBE (off) ¥ 4.1 V Voc = -390¥ 


1s—Storage Time—ns 


Ta= 26°C Ta= 26°C 


Ta 26°C 


Figure 1 Circuit Figure 1 Circuit Figure 1 Circuit 
10 
-10 -40 -100 400-1000 -10 -40 = -100 400-1000 -10 40-100 400-1000 
Ig—Collector Current—mA i¢—Collector Current—mA t¢—Collector Current—mA 
FIGURE 13 FIGURE 14 FIGURE 15 


NOTES: 2, Capacitance measurements were made using chips mounted in TO-39 packages. 
3. Cop and Cap measurements employ 8 three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or collector, respectively) is connected to the guard terminal of the bridge. Cope abd Cipo Measurements are mace with the third 
terminal floating. 


5-132 TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 © DALLAS, TEXAS 75222 


CHIP TYPE P13 
P-N-P SILICON TRANSISTORS 


e P13isa21 X 21-mil, epitaxial, planar, direct-contact, double-emitter chip 

e Available in TO-72 packages 

© For use in low-level, high-speed chopper circuits requiring the very low 
offset voltage of double-emitter transistors ' 


electrical characteristics at 25°C free-air temperature 


hue Eouaivons [OBSERVED VALUES | 
ae TT 


TianiSeo ” Golecior Bem Breekdown Val WG-19 ens leae@ «| 708-20 


ViBRIECO _ Emitter-Collector Breakdown Voltage fle =—1HA, |p = 0, See Note 1 


FVieR)ECO  Erriter-Collector Breskdown Vorwme_| p38" 80 
Hoeo ~~ Collctor Gato Current —[Vog=—90V.ler=lezrO | O20 | 
aE Sue Forward Gurrent Tanafer Ratio |Vce=-6V.Ic=-1mA, SeeNowt [60 180 
7_ 1 


Small-Signal Emitter-Emitter Ig =—t mA, lea = le2= 0, lp = 100 KA, 
if 
@te2(on) On-State Resistance f= 1kHz 
ae Voce = -6V, Ic=—-tmA, f=4MHz, 
f Transition Fre 
T nsition Frequency See Note 1 


c Common-Base Open-Circuit Voce =-6V, leq = !e2= 0, f= 1 MHz, | 8 to] or | 
‘obo Output Capacitance See Note 3 

G Common-Base Open-Circuit Veg = -6V, tc =O, f= 1 MHz, 
ibo Input Capacitance See Notes 1 and 3 


These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1. These values apply separately for each emitter with the other emitter open-circuited. 
2. These parameters were measured with the collector short-circuited to the base but open-circuited with respect to the emitters. 
The values apply for both polarities of emitter-to-emitter voltage. 
3. Capacitance measurements were made using chips mounted in TO-72 packages. 
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5-133 


CHIP TYPE P13 


P-N-P SILICON TRANSISTORS 


'\cBo vs Ta 


TYPICAL CHARACTERISTICS 


lEWE2(off) vs TA 
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Ty — Free Air Temperature — °C 
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Ty, — Free-Air Temperature — °C 
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le1 vs VE1E2 
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0.6 1 
Ver-E2 — Emitter-One—Emitter-Two Voltage — V 
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ee pe a 
{CCC CMT = | 
' 6.2 oa 40 bo mal 0 ial rs 
rae se 
o:0t +0.04 -0.1 +0.4 +1 4 «~10 = Bee ce} 25 50 75 1oo)}=—:125 = 
(, — Bose Current — mA tf Air Temperature — °C 1, — Base Current — mA 
FIGURE 4 FIGURE 5 FIGURE 6 
fete2(on) vs IB Chbo vs Ves Cibo vs VEB 


10 000 


1000 


T el-e2ion) — Dynamic On-State Resistance — Q 
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FIGURE 8 


C it — Common-Base Open-Circuit Input Capacitance — pF 


Ic =0 
f= 1MHz 
Ta = 25°C 


See Notes 1 and 3 


Veg — Emitter-Base Voltage — V 


FIGURE 9 


Mi Or -0.04 0.1 0.4 -1 -4 -10 
1, Base Current — mA 
FIGURE 7 
NOTES: 1. 
2. 


3. 


These values apply separately for each emitter with the other emitter open-circuited. 

These parameters were measured with the collector short-circuited to the base but open-circuited with respect to the emitters. The 
values apply for both polarities of emitter-to-emitter voltage. 

Capacitance measurements were made using chips mounted in TO-72 packages. 


tthe polarity of the offset voltage at Ta = 25°C and |g = —1 MA is arbitrarily assumed to be positive. 
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CHIP TYPE P44 
P-N-P SILICON TRANSISTORS 


e P14isa 19 X 19-mil, epitaxial, planar, direct-contact chip 


© Available in TO-46 and Silecrt Packages 

e For use in low-level, high-speed chopper circuits in inverted 
connection (collector and emitter terminals reversed), and 
may also be used as a low-level amplifier 


electrical characteristics at 25°C free-air temperature 


PARAMETER 


VIBRICBO Collector-Base Breakdown Voltage |Ic=-100HA, le = 0 —60* —80 


v Emitter-Collector ; 100 uA ran v 
{BR)ECO Breakdown Voltage E ioe B 
VipRIEBO Emitter-Base Breakdown Voltage | Ie = —100HA, Ie= 0 | —40* -65 


IcBo Collector Cutoff Current Vcp = —40V, le =0 
leBo Emitter Cutoff Current Veg —15V, ic=0 


Static Forward Current 
Transfer Ratio 


Static Forward Current Transfer 
hFE(inv) Vec=-0.5V,  le=—1tmA 


Ratio (inverted Connection) 
VEClofs) _Emitter-Collector Offset Voltage Ig = —200 nA, le =0 


Vee Bese-Emitter Voltage Woe==5V.tc=-tmA 
Vac Bese-Collector Volage Wec=-05V,le=-1mA 


Collector-Emitter yaw abe maar 
Saturation Voltage B 5 . c 


Smail-Signal Emitter-Collector \g =—1mA, le = 0, le = 100 uA, 
Teclon) On-State Resistance f=1kHz 
c Common-Base Open-Circuit Vee =-6V. le = 0, f= 1MHz, 
obo Output Capacitance See Note 1 
Cibo Common-Base Open-Circuit Vep=—6V. Ic = 0, = 1 MHz, 


Input Capacitance See Note 1 


t Trademark of Texas Instruments 
* hese vaiues do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTE 1: Capacitance measurements were made using chips mounted in TO-46 packages. 
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CHIP TYPE P44 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


IcBo vs Ta leBo vs Ta 
— 
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— 
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Oo es Ea le 
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Ta — Free-Alr Temperature — °C Ta — Free-Air Temperature — °C 
FIGURE 1 FIGURE 2 
hee vs Ic 


Vee = -5 V 
See Note 2 


hee —~ Static Forward Current Transfer Ratio 
2 
6 

= Static Forward Current Transfer Ratio 


hee 


10 
0.01 0.1 0.4 -l 4 -10 -40 -100 0.01 0.1 0.4 -1 4 -10 40 -10 
Io — Collector Current — mA Ie — Collector Current — mA 
FIGURE 3 FIGURE 4 


NOTE 2: These parameters were measured using pulse techniques. ty = 300 us, duty cycle < 2%. 


5-136 TEXAS INSTRUMENTS 
INCORIPORATED 


POST OFFICE BOX 5012 +« DALLAS, TEXAS 75222 


CHIP TYPE P14 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


hFE(inv) V8 SE 


vey UNM TTT TU 
aii tt 
a mill 
TIN ul PadiHlinN Vl 
aa Ce Nth 


Vee vs !c 
100 


-1.0 
VCE 


ere OT al 
70.9 yes =-1V ait 


—Voe=-5 V 
0.8 | See Note 2 


ar] 
Sal | 


ies es 
sri it 
Pe alill 


Ta = 125°C 


Vag — Bose-Emitter Voltage — Vv 


LH N 
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ail all 
See TT LPAI agi a aM 
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Ig — Emitter Current — mA 


heetiny) — Static Forward Current Transfer Ratio 


b&°? 
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le — Collector Current — mA 


FIGURE 5 FIGURE 6 


VeE(sat) ¥5 'c Veeisat) ¥5 Ic 


TT 
CM CTE Lh 

CET 
ORR a 
PUT TTI Tt = cil 
CH Ca 
TTT TMI Tease ATT 
Nama A 
PUTT TM ae on 


CO TTT Tit ewe 
9 CI ——e afl 


0 
-0.01 D1 0.4 -1 4 -10 -40 Ny 0.01 0.1 


eS i 
DY Il 

Cite rte a 
el oe FAM 


— Collector-Emitter Saturation Voltage — V 
& 
re) 


0.02 Ul}! 


Vegtsat) — Collector-Emltter Saturation Voltage — V 
& 
3 


Veetsat) 


70.4 -l 4 +10 -40 -100 
t¢ — Collector Current — mA le — Collector Current mA 
FIGURE 7 FIGURE 8 


NOTE 2: These parameters were measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
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ORPORATED 
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CHIP TYPE P14 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Vec vs Ip VEC(ofs) V5 'B 


I 
CH ey 
ahaa 


-5 


ig = 2.5 mA 
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SSIZZ 
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et”: 
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Vec — Emitter-Collector Voltage — mV 


ML II 
ni 2 zl 
A ee 


Vectofs) — Emitter-Collector Offset Voltage — mV 


-10 
1, — Base Current — mA 1, — Base Current — mA 
FIGURE 9 FIGURE 10 
Vec vs te Teclon) Vs Ip 
-1.0 , 1000 
pio ST aillll 
Bele HAE 
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be ae ll 3s 
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raat dM LI 
ett Tl 
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Saint 
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0.01 D1 0.4 = -10 -40 -f00 -0.01 0.04 £.1 0.4 +1 4 +l 


<1 
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tt 


Vac — Base- Collector Voltage — V 
ry 


> 


Tecjon) — Emitter-Collector On-State Resistance — Q 


Ie — Emitter Current — mA |g — Base Current — mA 


FIGURE 11 FIGURE 12 


NOTE 2: These parameters were measured using pulse techniques. ty = 300 ws, duty cycle < 2%. 
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CHIP TYPE P44 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Cobo vs VcB 


a ed 
SAIC 
ell 

HHS 


Veg — Collector-Base Voltage — V 


FIGURE 13 


Cibo vs VEB 


Cobo~ Common-Base Open-Circuit Output Capacitance ~— pF 


rel ME TTI LL 
= Ut a 
mai a 
a a 
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Cibo — Common-Base Open-Circuit Input Capacitance —pF 


Veg — Emitter-Bose Voltage — V 


FIGURE 14 


NOTE 1: Capacitance measurements were made using chips mounted in TO-46 packages. 
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CORPORAT 
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CHIP TYPE P15 
P-N-P SILICON TRANSISTORS 


e P15isa 19 X 19-mil, epitaxial, planar, direct-contact chip 
e Available in Silectt packages 


e For use in general purpose, saturated switching, and amplifier circuits 


oe 


electrical and operating characteristics at 25°C free-air temperature 


OBSERVED VALUES 
PARAMETER CONDITIONS LOW TYP _HIGH 
ViBR)CBO Collector-Base Breakdown Voltage | Ic = —10 uA, Ip =0 j =40*_- 


v Collector-Emitter 
(BRICEO Breakdown Voltage 


V(BR)EBO Emitter-Base Breakdown Voltage 
IcBo Collector Cutoff Current Veg = —30V, ie =0 . -<0.4 


Vce=-1V, I¢ = —100 pA 


a 
¢ 
2 
a 


I¢ =—1mA, Ip =0, See Note 1 


fe Sel 


8 


Static Forward Current 
Transfer Ratio 


VceE=-1V, Ic =—-10mA 50 150 3 
Pare 
VceE=-5V, tc = —100 mA 
7 1g =-—1 mA, I¢ = -10 mA —0.75 —0.85 
v Base Emitter Volt fig=—1mA,  Ic==10mMA |g Note 1 
Ip=—5mA, i= -50mA =0.86 —0.95 


Collector-Emitter Ip =—1 mA Ic =—10mA —0.06 —0.25 
5 = c See Note 1 


a 
- 


VcE ‘sa 
(sat) Saturation Voltage Ig=—-SmA 
B 


Smali-Signal Common-Emitter 
input impedance 

i Small-Signal Common-E mitter 
iba Forward Current Transfer Ratio 
re 


Reverse Voltage Transfer Ratio 
oe Output Admittance 
Vee=-5V,_le==10ma, f= 100MM [200440 
Common-Base Open-Circuit Ver =—5V. Ic =0 
Output Capacitance cB : E f= 1MHz, 


C Common-Base Open-Circuit Ver =—O0.5V iaso See Notes 
ibo Input Capacitance EB aes ¢ 2and3 


Cob Collector-Base Capacitance Veep =-5V. le =0 


S Vce = —5V, {ce=-1 A, 
F Average Noise Figure cE Cc my 


Noise Bandwidth = 15.7 kHz, 


= ae 


I¢=—50 mA —0.12 —0.40 


hie 


N 
“ 
a 
> 
a 


Cobo 


2N3905 


I(t) ~—1mA,_ VeE(ott) ~05V| Date 
ts Storage Time Vec=-3V, I¢ = —10 mA, Sheet 
tf Fall Time Ipq1) ¥—-1MA, — I B(2) = 1MA Circuit 


tg Delay Time 


[Rise Time dV, te —10mA, Iga tema, [TS 
I(2)~1mA, — VBE(ott) ~4.1V, See Figure 1 


tf Fall Time 


T Trademark of Texas Instruments 
These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1. These parameters were measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
2. Capacitance measurements were made using chips mounted in Silect packages. 
3. Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the 
guard terminal of the bridge. Cop, and Cipo measurements are made with the third terminal floating. 
4. Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency roll-off of 
6 dG/octave. 
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INCORPORATED 
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CHIP TYPE P15 
P-N-P SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


Ves =4.1V Vec=-3V t<1ns te <5ns 


ov 
INPUT 
-10V ——' 
OUTPUT ) 


l 
\ ' 
INPUT —a taf Hel | 
— tt — ~—my tf ie 
. fre, 2% 1 ouTeuT 
_ Voc-VCE (sat) ! I 
Ic 10% 10% 


(See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 
NOTES: a. The input waveforms are supplied by.a generator with the following characteristics: Zoy, = 50 9; for measuring tq and ty, 
tw * 200 ns, duty cycle < 2%; for measuring t, and te, ty, © 10 ps , duty cycle & 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: ty % Ins, Rin # 100 k&, Cin <7 PF. 


FIGURE 1—SWITCHING TIMES 
TYPICAL CHARACTERISTICS 


ViBRICER “ RBE IcBo vs TA hee vs Ic 


Vos VES 


See Note 1 


80 oo 
=a ane. 


V(BA}CER—Collector-Emitter Breakdown Voltage—V 


Mk 4k 10k 40k 100k 400 k 3 50 7 100 128 150 0.1 04 -1 —4 -10 -40 —100 
AgE—Base Emitter Resistance—2 Ta—Froe-Air Temperatuce—°C I¢—Collector Current—mA 
FIGURE 2 FIGURE 3 FIGURE 4 


VCE (sat) vs Ic 


5 
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- 3 
F > 3 
5 3 E 
- $ 3 
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5 a i 3 
$ fra ect ttl uy 3 
5 [| amc CT > iA 
gL ritil UU UI é 
* 10 8 _o, 
0.1 704 -!1 -4 -10 ~40 -100 0.1 -04 -1 4 -10 —40 -100 0.1 04 -1 4 ~10 40 -100 
I¢—Collector Current—mA t¢—Collector Currant—mA Ic—Collector Current—mA 
FIGURE 5 FIGURE 6 FIGURE 7 


NOTE 1: These parameters were measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 
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CHIP TYPE P15 


P-N-P SILICON TRANSISTORS 


Normalized hig. hfg, Hra- hoe vs Ic 


TYPICAL CHARACTERISTICS 


Normalized hig, hfe. bre. hog Vs VCE 


> 
4 
€ 100 2 3.0 
Ny 4 
40 fF 
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=z 01-04 ~1 —4 -10 40 -100 = 6 -5 -10 -15 -20 -25 -30 O11 04 -1 4 ~10 ~100 
Io-Collector Current—mA VceE—Collector-Emitter Voltage—V Ic—Collector Current—mA 
FIGURE 8 FIGURE 9 FIGURE 10 
Cob. Coho vs VeB Cibo vs VEB 
5 10 
8 
4 8 
us ‘& 7 
a { 
3 3 pe 
<7 
F gs 
COMI : 
IE=0 ° 
1 f= 1 MHz 2 
Ta = 26°C 1 
| See Notes 2 and 3 
0 Loy Pt iy 0 Lhititi 
0.1 04 -1 4 -10 40 O01 0.2 04 -1 -2 -~4 -10 


Vep-Collector-Base Voltage—V 


FIGURE 11 


F vs f 


3 


F—Spot Noise Figure—dB 
3 


F~Average Noise Figure—dB 


~ vw eFaoervre ie 


Son FF om @ 


f—Frequency—kHz 


FIGURE 13 


NOTES: 2. Capacitance measurements were made using chips mounted in Silect packages. 
3. Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter is connected to the 

guard terminal of the bridge. Copg and Cipg measurements are made with the third terminal floating. 
4. Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency roll-off of 


6 dB/octave. 


VeB—-Emitter-Base Voitage—V 


FIGURE 12 
F vs Rg 
Divcicey 
IT Noise Bandwidth = 15.7 kHz 


Tat26°C 
See Note 4 | 
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02 O04 07 1 2 4 7 10 
RG—Generator Resistance—-k 


FIGURE 14 
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TEXAS INSTRUMENTS 
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POST OFFICE BOX 5012 * DALLAS. TEXAS 75222 


CHIP TYPE P15 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Veco =-3V H 
| VBE (off) © 4.1 V 
Ta =25C 
Figure 1 Circuit 
é 
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é E 
= Ee 
Qa 3 
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| 1 4  -10 -20 -40 -100 
| te i Current—mA I¢—Collector Current—mA 
FIGURE 15 FIGURE 16 
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Ic—Collector Current—mA \c—Collector Current—mA 
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CHIP TYPE PI6 
P-N-P SILICON TRANSISTORS 


@ P16 is a 28 X 28-mil, epitaxial, planar, direct-contact chip 
© Available in TO-18, TO-39, and Silectt packages 


e For use in general purpose amplifier and switching circuits 


electrical and operating characteristics at 25°C free-air temperature 


OBSERVED VALUES lun] 
P 
ARAMETER CONDITIONS LOW TYP HIGH 
V(BR)CBO Collector-Base Breakdown Voltage | ic = —10 uA, fe=0 | =80* -96 tv 


Collector-Emitter 

Vv =— - ip =0, a oa 

(BR)CEO Breakdown Voltage Ig = —10 mA, B= 0, See Note 1 60* —70 Vv 
ig= 0 = 8 


lego Emitter Cutoff Current 


Static Forward Current 
Transfer Ratio 


5 Vce=—5V, Tc = —100 mA 0.75 —1.0 
Vv E Vol [Vce=-5V, c= —100mA | Note 1 
BE sraclaebniae pens: ig c1BmA, Ig = =160 mA | 9° Not “0.86 —1.2 
Collector-Emitter 
Ig =— A, ig = —150 mA, Note 1 Vv 
h Small-Signa! Common-Emitter 
ie Input Impedance 


Smal!-Signal Common-E mitter 
Me Forward Current Transfer Ratio Vee = -10 V iee'-40mA f= 1kH ia nd || 
‘ Small-Signat Common-Emitter cerns Crema 0.4x 
re Reverse Voltage Transfer Ratio 10-4 
‘ Smallt-Signal Common-Emitter | dum 
9? Output Admittance 
rit _Transition Frequency [Veg==10V,_Ig=—B0mA, f= 20MHz [| 100260 =| MHz | 
Common-Base Open-Circuit Vop=-10V, le = 0, f= 1 MHz, 
Cobo Output Capacitance See Note 2 | oF | 
C Common-Base Open-Circuit Vep = —0.5V, Ic =0, f= 1 MHz, Ea 
ibo input Capacitance See Note 2 
Ta Beley Time _——————~*d'Vce = 30, 600A, 7 
ipi1) ~—50MA, VBE (off) ~ 3.8V | Data 
Vec==30V, ig =—B00mA, | Sheet 
Ipi1) ~-0mA, tp(a)~80mA _| Circul 
Pip Rise Time —————~*dV c= 30, Ig -00mA, ai) *-80mA, 
Iat2)~ 50mA,  Vpe(ott) ~ 4.1 V. See Figure 1 


tT Trademark of Texas Instruments 
These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1. These parameters were measured using pulse techniques. ty = 300 us, duty cycle < 2%. , 

2. Capacitance measurements were made using chips mounted in Silect packages. 
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CHIP TYPE PI6 
P-N-P SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


Vep74.1V Voc = ~30 V te $10 ns te< 10ns 
Ov 
INPUT 
OUTPUT Seets 

feton-o toff — 
1 ! 

— hth! tet, of | 

INPUT ' 
—| tr —o tt le 
| 90% 


I 
90% | 
_ Voo-Vce (sat) a [STENT 
t 1c 10% 10% 


(See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Zoyz = 60 2, tw © 10 ys, duty cycle <q 2%. 
b. Waveforms are monitored on an oscliloscope with the following characteristics: tp < 1 ns, Rin > 100 kQ, Cin <7 pF. 


FIGURE 1—SWITCHING TIMES 
TYPICAL CHARACTERISTICS 


V(BRICER ¥* RBE lcpo vs Ta 


TT TTT TTT 
MT Tt TT 
LT Ut 


& 


SoS -Vicg = —80 V. 
Je ee 


hrE—Static Forward Current Transfer Ratio 


V(BRICER—Collector-Emitter Breakdown Voltage—V 


10 100 1k 10k 100k 2B 50 7% 100 125 0.1 -1 -10 -100 = = 1000 
Ree—Bese-Emitter Resistance—2 Ta—Free-Air Temperature—"C t¢—Coltector Current—mA 
FIGURE 2 FIGURE 3 FIGURE 4 
Vee vs Ic Vee vs Ic VcE(sat) v8 Ic 
-1 -2 > 1 
-08 sli AM & -07 
Sdn ~ re pseenores | TMT TTT $4 [See Now 1H 
é i al 1 5 CO TT a 
re ao sill © ee CIO ay 
_ 1; i IVa 
2 os Bo Bo 
i “ou j sa § -007 
4 ass joo il 
ye 5 04 § oe | HA 
is o Bos Ill IA 
0 0 8-001 
-0.1 o.1 -1 -0 ~100 —1000 0.1 -1 ~10 -100 -1000 
I¢—Collector Current—mA I¢—Coliector Current—mA i¢—Collector Current--mA 
FIGURE 5 FIGURE 6 FIGURE 7 
NOTE 1: These parameters were measured using pulse techniques. tw = 300 us, duty cycle < 2%, 
TEXAS INSTRUMENTS 5-145 
INCORPORATED 


POST OFFICE Box 5012 ¢ DALLAS, TEXAS 75222 


NOTE 2: Capacitance 
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CHIP TYPE PI6 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Normalized hig, hfg, hye, Hoe Vs Ic 


i eeatit Ta =25°C 


10 mA 


= = tT 
a Se 
pei ematttmati 
-0.4 ~-1 —-4 -10 —40 -—100 
Ic—Collector Current-mA 


Hybrid Parameters Relative to Values at Ic 


FIGURE 8 


Cobo vs VeB 


Tes: 
32 Ta = 25°C 
a era 
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|| 
PTT INST TT 
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—0.1 -04 -1 —-4 -10 —40 


Cobo—Output Capacitance—pF 
NO 
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VcB—Coliector-Base Voitage—V 


FIGURE 10 


Measurements were made 


fy vs ic 
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Cibo vs VEB 


heh ill See Note 2 
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Vep—Emitter-Base Voltage—V 


Cibo—Input Capacitance—pF 


FIGURE 11 


using chips mounted in Silect packages. 
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tq—Delay Time—ns 


t,—Storage Time—ns 


CHIP TYPE PI6 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


tN 


a 
aa i 
mes i Ns 7 mannll 


SS 


Vec =—-30V 
VBE (off) * 4.1 V 
Ta=25°C 

Figure 1 Circuit 


—1000 


—400 


I¢—Collector Current—mA 


FIGURE 12 


Vcc =-30V 
Ta = 25°C 
Figure 1 Circuit 
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I¢—Collector Current—mA 


FIGURE 14 


tr—Rise Time—ns 


tf—Fall Time—ns 


Vcc = —30 V 
VBE(off) ~ 4.1V 
Ta=25C 
Figure 1 Circuit 


—100 
I¢—Collector Current—mA 


FIGURE 13 
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Ic—Collector Current—mA 


—100 —400 


FIGURE 15 
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CHIP TYPE PT7 
P-N-P SILICON TRANSISTORS 


@ P17 is a 20 X 20-mil, epitaxial, planar, direct-contact chip 
e Available in TO-5, TO-18, and Silectt packages 


e@ For use in high-voltage amplifier and low-current switching circuits 


we 


electrical and operating characteristics at 25°C free-air temperature 


PARAMETER CONDITIONS 


ViBR)CcBO Collector-Base Breakdown Voltage | 'c¢ = —10 uA, te =0 
Vv Collector-Emitter 
(BR)CEO Breakdown Voltage 


ViBR)EBO Emitter-Base Breakdown Voitage | le = —10 A, Ic =0 
IcBo Collector Cutoff Current Vcp = —50V, {eg =0 
lego Emitter Cutoff Current Vep=-3V, {c=0 


Vce = —-10V, ic = —100 vA 
Static Forward Current Voce = -10V, ic=—1mA 40 


Transfer Rati VcE=—10V, Ic=—10mA 40 


VceE = —10V, t¢ = —50 mA 40 70 
VBE Base-E mitter Voltage {g=—1mA, Ic = —10 mA, See Note 1 06 -0.7 


Collector-Emitter 
Vv tg =~1mA, tc =—10 mA, See Note 1 
CElsat) saturation Voltage 8 m 7 picid 


Smali-Signal Common-Emitter 
Input Impedance 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio 
Small-Signal Common-Emitter 
Reverse Voitage Transfer Ratio 
Small-Signal Common-Emitter 
Output Admittance 

Transition Frequency Vce = -10V, I¢ = —20 mA, f = 100 MHz 
Common-Base Open-Circuit Veg =—-10V, IE =0, f= 1 MHz, 
Output Capacitance See Note 2 

Common-Base Open-Circuit Veg =—0.5V, I¢ = 0, f= 1 MHz, 
Input Capacitance See Note 2 

Delay Time Voc = -30V, Ie =—10 mA, 2N3494 
Rise Time 'Bi1) ™—-1mMA, = VBE(off) ¥ 0 Data 
Storage Time Vec = -30V, I¢ = -—10 mA, Sheet 


I¢ =—-10 mA, Ig =0, See Note 1 


oy 
a 
~~! 
o 


| 
8 


8 
8 


Vee = -10V, I¢ = —10 mA, f=1 kHz 


| 


£ 
8 


vle| 9 
8 


a 


Fall Time ig(4) = —1mA, — Igi2) 1 MA Circuit 


R 


Delay Time 


ese Time c= ~20V, te -10mA, gia) #—1 mA, 
Ipi2)~ 1A, Vag(oft)*4.1.V, See Figure 1 
te Fat! Time 


tT Trademark of Texas Instruments 
These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1. These parameters were measured using pulse tehniques. tw = 300 us, duty cycle < 2%. 

2. Capacitance measurements were made using chips mounted in TO-18 packages. 
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CHIP TYPE PT7 
P-N-P SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


Ves =4.1V Vcc = -30V t, < 10 ns te < 10 ns 


ov 
INPUT 
-10V = 
OUTPUT 


[oon -— toff = 


INPUT i ae mts = | 
alt 1 a4 
TP Apaaati 1 outeuT 
_ Vec—VCE (sat) | I 
Io 10% 10% 


(See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 
NOTES: a. ies input waveforms are supplied by a generator with the following characteristics: Zoy¢ = 50 Q; for measuring tg and t,, 
w © 100 ns, duty cycle < 2%; for measuring t, and ts, tw ~ 10 us, duty cycle < 2%. 
b. swassionte are monitored on an oscilloscope with the following characteristics: ty < 1 ns, Rin 2 100 k2, Ci, <7 PF. 


FIGURE 1—SWITCHING TIMES 
TYPICAL CHARACTERISTICS 


IcBo vs Ta 


Icpo—Collector Cutoff Current—nA 


| 
iia 


0 ao 50 7% 100-128 01 O04 -1 4 -10 -40 -100 
Ta—Free-Air Temperature—"C I¢—Collector Current—mA 


FIGURE 2 FIGURE 3 


VcE (sat) V8 !c 


7 
§ 
$ 
me al § 
ct Hine H i 
_ AHI : 
; oe 
; rl 
Ot 04 -1 —4 -10 -40 -100 > 0.1 -O4 -1 -2 -10 -40 -100 
I¢—Collector Current—mA I¢—Collector Current—mA 
FIGURE 4 FIGURE 6 
NOTE 1: These perameters were measured using pulse techniques. ty * 300 us, duty cycle < 2%. 
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NOTE 2: Capacitance measur 


CHIP TYPE P17 
P-N-P SILICON TRANSISTORS 


10 mA 


Hybrid Parameters Relative to Values at Ic 


Cobo—Output Capacitance—pF 


0.01 


-0.1 ~0.4 —1 -4 -10 —40 ~—100 
Ic—Collector Current—mA 
FIGURE 6 
Cobo vs VcB 


1 


TYPICAL CHARACTERISTICS 


Normalized hig, hfg, hye, hog vs Ic 


Ss] 


SShret-H itty | 
St 


Sill 


NIE TT 
SS 
A 
PIN 


A 
PLT TINT 


le =0 
f= 1 MHz 
Ta = 25°C 


-0.4 -1 


See Note 2 LTT 


—-4 -10 


Vcp—Collector-Base Voltage—V 


FIGURE 8 


‘ements were made 


—40 —100 


VcE=10V 
f = 100 MHz 
Ta = 25°C 


f7—Transition Frequency—MHz 


Cibo—!nput Capacitance~pF 


using chips mounted in TO-18 packages. 


Ta = 25°C 
See Note 2 eae ay a 


~0.2 


-4 —20 


I¢—Collector Current—mA 


FIGURE 7 


Cibo vs VEB 


—0.4 -0.7 -1 


-2 
Vep—Emitter-Base Voltage—V 


FIGURE 9 
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CHIP TYPE P18 
P-N-P SILICON TRANSISTORS 


© P18 is a 20 X 20-mil, epitaxial, planar, direct-contact chip 
e Available in TO-18 or Silectt packages 
e For use in low-current, low-noise amplifier circuits 


electrical and operating characteristics at 25°C free-air temperature 


OBSERVED VALUES 
PARAMETER DITIONS UNIT 
pi basta coe Low TYP LUES unr] 


ViBRICBO Collector-Base Breakdown Voltage | Ic = —10 HA, ig =0 fT —s0* -70 ~~ | Vi 
0 


-7 
Coliector-Emitter 

VIBRICEO Breakdown Voltage canes Bee poner’ | sr -0 |v | 
V(BRIEBO Emitter-Base Breakdown Voltage | le = —10 uA, Ic 20 
Ico Collector Cutoff Current Vop = —30V, le=0 —<0.1 —100] nA | 
leBO Emitter Cutoff Current Vep=—4V, ic =0 —<0.1 -100] nA | 
Voce = -5V, Ig =—10 "A 

Voce =-5V, I¢ = —100 nA 


Vce=-SV, I¢ = —10 mA, See Note 1 


Vee ___ See Ernittr Vohage Woe==8V,ig==tma 


Ve (sat) ae ig =—0.5mA, I¢=—-10 mA, See Note 1 
Small-Signal Common-Emitter ps | a 
input Impedance 
Small-Signal Common-Emitter ie Bae Sil 

Vce= SV, Ic =-1 mA, f= 1kHz Tex 
|e | 
Smatl-Signal Common-Emitter 
Output Admittance | 
Ha Transition Frequency VoE=-8V. tgs =tmA, f= 20MHz [200 


< 


< 


Static Forward Current 
Transfer Ratio 


50 280 600 


Smal!-Signal Common-Emitter 
Reverse Voltage Transfer Ratio 


Forward Current Transfer Ratio 
Cc Common-Base Open-Circuit Ves =-5V, Ie = 0, f= 1MHz, 
‘obo Output Capacitance See Note 2 


c Common-Base Open-Circuit Veg = —-0.5V, Ie =0, f= 1 MHz, 7 16 
ibo Input Capacitance See Note 2 
Vce=—-5V, Io = —100 nA, Rg = 10k2, 
a eee ee | ale] 
f= 1kHz 


t Trademark of Texas Instruments 
nese values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1. These parameters were measured using pulse techniques. ty = 300 ps, duty cycle < 2%. 

2. Capacitance measurements were made using chips mounted in TO-92 packages. 
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CHIP TYPE P18 


5-152 


P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Normalized hre vs Ic 


Normalized Forward Current Transfer Ratiohe Ee 


"2% 60 758 100 126 160 
Ta—Free-Air Temperature—°C (¢—Collector Current-mA 


FIGURE 1 FIGURE 2 


Qo 
0.001 -0.01 -0.1 71 ~10 -100 
\g—Coltector Current—mA 
FIGURE 3 


VCE (set) ¥8 Ic VE (sat) ¥8 Ic 


| 


Hit f cH 
i ca a 


SU ag 


oll aed 
sh 


\ 0 
Maal 


VCE (sat)—Collector-Emitter Ssturation Voltegs—V 


0.001 -0.01 ~+0.1 -1 ~10 -100 0.01 -10 -100 
(¢-Collector Current—mA pane: Current—mA 
FIGURE 4 ; FIGURE 6 


NOTE 1: These parameters were measured using pulse techniques. tw = 300 us, duty cycle < 2%, 


TEXAS INSTRUM ENTS 
CORPORA 


CHIP TYPE P18 | 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Normalized hig, hte, hye, hog V8 VCE Normalized hig, hfe, Mra, Noe ¥8 Ic 
; i 
. 1 
g ® 
¥ . 
j j 
> > 
2 2 
} be 
-1 -2 -4 -7-10 -20 -40 -100 0.01 0,4 -1 -10 100 
VeE—Collector Emitter Voltage—V ig—Collector Current—-mA 
FIGURE 6 FIGURE 7 
trvsic F vs f 
400 
is Rall 2 A 


18 


tN 
ATE TU 
ill 


Vee =~Ev | || | 
ee 
Pee HT 
LT UT a 
Nees tmang.: 48 TIT UU 
eras itil || 


F—Spot Noise Figure—dB 
) 


t7—Transition Frequency--MHz 
88 


160 
ied 
eo 

40 

Q 

0.1 04 -1 4 -10 ~40 ~100 

I¢—Coltector Current—mA {—Frequency—kHz 
FIGURE 8 FIGURE 9 


Cibo vt VEB 


-0.1 04 -1 4 -10 40 -100 
Veg—Collector-Base Voltege—-V Vep—Emitter-Base Voitage—V 


FIGURE 10 FIGURE 11 


NOTE 2. Capacitance measurements were made using chips mounted In TO-92 packages. 
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CHIP TYPE P19 
P-N-P SILICON TRANSISTORS 


© P19 is a 20 X 20-mil, epitaxial, planar, direct-contact chip 
e Available in TO-18, TO-46, and a short-can version of TO-78 packages 


e For use in low-level, low-noise, high-gain amplifier circuits 


ne 


electrical and operating characteristics at 25°C free-air temperature 
OBSERVED VALUES 


P, TE CONDI 
ARAMETER TIONS LOW TYP HIGH 


ViBR)CBO Collector-Base Breakdown Voltage |!c¢ = —10 uA, fe =0 —80% -100 


Collector-Emitter 
Vv =—— ™ N 1 = _ 
{BR)CEO 5 eakdown Voltage Ic =—-10 mA, Ig = 0, See Note 60° —-80 


ig== 100A ig= 0 

Figg Collector Cutoff Current ___|Vog=-45V,_le=0 =<o4 

Ves==4V, ic=0 =<0.1 
Vce= -5V, Io=—-1uA 80 

Static Forward Current Voce *-5V, I¢ = —10 vA 

Transfer Ratio Voce =-5V, Io¢=-1mA 

Voce =—-5V, tc =—10mA, See Note 1 


VBE Base-Emitter Voltage Voce =—-5V, Iq = —100 pA -—0.6 —0.75 


Collector-Emitter 
VCE(sat) Saturation Voltage IB = —100 HA, Ig=—1mA 0.08 —0.3 


Small-Signal Common-Emitter 


° 
= 


img 
uy 
fo) x) 


a 
o 
N 
7 


a 
o 
nN 
& 

S 

<| < |<] 2 

aad 


10 


Vv 


Vv 


hi 

a Input Impedanca 
h Small-Signal Common-Emitter 

fe rower Current al iposter Rave Voce = -5V, Ics -1mA, 
h Small-Signal Common-Emitter 

re Reverse Voltage Transfer Ratio 

Small-Signal Common-Emitter 

hoe 


Output Admittance 


fr Transition Frequency Vce=—5V, lo=—-1mA, f= 30 MHz 90 160 
Common-Base Open-Circuit 
Cc Vop=—-5V, le =O 
‘obo Output Capacitance cB é 
Common-Base Open-Circuit 
Cj Veg = —-0.5V, I¢=0 
ee Input Capacitance See Notes 2 and 3 


Cob Collector-Base Capacitance Vop = —-SV, Ie =0 
Ceb Emitter-Base Capacitance Ves = —0.5 V, I¢=0 


aon geis Voce = —-10V, Io = —100 uA, 
F Spot Noise F e 
Rg =3ka 
= : , VcE = --10V, Ic = —100 pA, Rg = 10 ko, 
N F 
J bean tieben pale Noise Bandwidth = 15.7 kHz, See Note 4 


*These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1. These parameters were measured using pulse techniques. ty, = 300 ys, duty cycle < 2%. 

2. Capacitance measurements were made using chips mounted in TO-18 packages. 

3. Cop and Cg, measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or collector, respectively) is connected to the guard terminal of the bridge. Cong and Cipg measurements are made with the third 
terminal floating. 

4. Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency roll-off of 
6 dB/octave, 
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CHIP TYPE P19 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


VBE vs le 


me seered AE 
0 0 0 
a ee l 


sie ita Ol 
sae Mt 


wn a a 


25 50 75 100 125 150 -0.001 -0.01 -0.1 -10 -100 
Ta — Free-Air Temperature — °C i¢ — Collector nea —mA 


! 
° 


1 
So. 
© 


{ 
bd 
a 


| 
a 
> 


lego — Collector Cutoff Current —nA 
Vee — Base-Emitter Voltage — V 


FIGURE 1 FIGURE 2 


ih aii Saat il 


“ME rl A ea a 


-0.001 + -0,01 -0.1 -10 -100 -0.001 -0.01 -0.1 -1 -10 -100 
le — Collector Current —mA 


hee — Static Forward Current Transfer Ratio 
hpe — Static Forward Current Transfer Ratio 


l¢ — Collector ee —mA 


FIGURE 3 FIGURE 4 


NOTE 1: These parameters were measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
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CHIP TYPE P19 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


SESE F=1 kHz 


40 


HEH 


1 4 =-10 
Ie —~ Collector Current — mA 


-0.01 -0.1 -0.4 


FIGURE 5 


0 
-0,01 -0.1 0.4 -1 4 =«-10 
le — Collector Current —mA 


FIGURE 7 


hg, ~~ Smail-Signal Forward Current Transfer Ratio 


-0,01 -0.1 0.4 -1 -4 -10 
!¢ — Collector Current — mA 


FIGURE 6 


Veg = -5 VV 
Veg =-10V—= 
f=1 kHz 


hoe — Output Admittance — pmho 


eosol -0.4 =I 4 -10 
le ciliates Current —mA 


FIGURE 8 
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POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


CHIP TYPE P19 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


fr vsic Cobo: Ceb vs VcB Cibo: Ceb vs VEB 
TT in 
: 6 > ts See hoa a and 3 3 KH 
SSH ' ies 
i i INS i ani HES Uiiiill 
j i. NT \ | sill 
mt Somme 
¢ 5 mill al 
SN Ali 
0.1 04 -1 4 -10 40 -0.1 noe ak ‘i es ‘er es =100 Son 0. ae av ney 7 -10 
Ig—Collector Current—mA a= aan vn — 
FIGURE 9 FIGURE 10 FIGURE 11 
F vs Rg Fvsf 
fab LH rere eee TST 
9 Noise Bandwidth = 15.7 kHz Ta = 25°C 
CAN a , rTM UT 
| net 7 SHH TMU 
o 7 | 
2 ONL REN RT 
is F NUH RAT AT 
7 0h 0 
-. | A i fea “rks en Ue 
es N UN wall alba 
HST LH il NU afc 100 a, Rex 3 
=e wh: as cetiemawenees:: 
pa iia itt Viena UT. 
0.1 0.4 1 10 40 100 0.01 0.1 0.4 «1 4 10 40 100 
Rg — Generator vdase —kQ f — Frequency — kHz 
FIGURE 12 FIGURE 13 
NOTES: 2. Capacitance measurements were made using chips mounted in TO-18 packages. 


3. Cop and Cen measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 


or collector respectively) is connected to the guard terminal of the bridge. Cong and Cipno 
terminal floating. 


measurements are made with the third 


> 


Average Noise Figure is measured 
6 dB/octave. 


in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency roll-off of 


er 
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CHIP TYPE P20 
P-N-P SILICON TRANSISTORS 


e P20 is a 20 X 20-mil, epitaxial, planar, direct-contact chip 


e Available in TO-5, TO-18, TO-39, TO-46, a short-can version of TO-78, 
plastic dual-in-line quad, and Silectt packages 


e For use in general purpose amplifier and medium-current switching 
circuits 


ie 


electrical and operating characteristics at 25°C free-air temperature 


OBSERVED VALUES 
PARAMETER CONDITIONS 
LOW TYP HIGH 


ViBR)}cBO Collector-Base Breakdown Voltage | Ic = —10 nA, te =0 —80* —100 


Collector-Emitter 


¢ 
< 
3 


V(BR)CEO Ic =-10 mA, tg = 0, See Note 1 —65* —80 


Breakdown Voltage 


ViBR)EBO Emitter-Base Breakdown Voltage | Ie = —10 uA, {c=0 —6¢ pi 
IcBo Collector Cutoff Current Vep= -40V, \e =O —-<0.1 —100 


lEBO Emitter Cutoff Current Vep=-4V, Ic=0 —<0.1 100 
80 
2 


Vee =-10V, ic=—-1mA 


Static Forward Current Voce = —-10V, Iq =—-10mA 
Transfer Ratio Voce = —-10V, I¢ = —150 mA See Note 1 
Voce = —-10V, ic = —500 mA 


Ig =—15 mA, Ig = —150 mA —09 —1 
we aiuEtii elo Fore 
1g = —50 mA, 1G = —500 mA 


! 
~ 
a 


25 1 
50 120 


Vv Collector-Emitter Ip =—15 mA, Ic = —150 mA See Note 1 
CE(sat) saturation Voltage Igp=—50mA, iG =—500mA 


Small-Signat Common-Emitter 
Input Impedance 
Small-Signal Common-E mitter 
Forward Current Transfer Ratio 
Small-Signal Common-Emitter 
Reverse Voltage Transfer Ratio 
Smali-Signal Common-Emitter 
Output Admittance 
Common-Base Open-Circuit Vcp = —10V, Ie = 0, f= 1MHz, 
Output Capacitance See Note 2 
Common-Base Open-Circuit Veg =—0.5V, f= 1MHz, 
Input Capacitance See Note 2 
IB) ¥—15MA,  VBE(off) <0 | Data 
Voc=-30V, le~-150mA, | Sheet 
Iai) —15MA, Ipig~18mA_| Circuit 
tr ise Ti 
; 
f j 


150 


2 
c=] 
°o 


(=) oS 


g 


Vce = -10V, Ic =—-10 mA, f=1kHz 


8 


a 
= 
N 


Cobo 


Cibo 


Vec=-30V, Ig ~—160mA, Iga) = “18 mA, 
Ie(2)* 15MA, VBE (off) ~ 4.1 V, See Figure 1 
t Fall Time 


tTrademark of Texas Instruments 
*These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1. These parameters were measured using pulse techniques. ty, = 300 ps, duty cycle < 2%. 

2. Capacitance measurements were made using chips mounted in TO-5 packages. 
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CHIP TYPE P20 
P-N-P SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


Veep 74.1 V Vcc = -30V ty <1ns te <1 ns 


ov 
INPUT 
-10V —— 
OUTPUT ) 


| 
1 
INPUT =e tae rot; of | 
— t — tf in 
VP OR '  ouTeUT 
~ Voc—VCE (sat) | I . 
lc 10% 10% 


(See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Zour = 50 2, tw * 200 ns, duty cycle 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t, < 1 ns, Rin # 100 kQ, Cin & 7 pF. 


FIGURE 1—SWITCHING TIMES 
TYPICAL CHARACTERISTICS 


ViBRICER VS Ree 


Vee vs ic 


“TMT Ta 
| i an Mibeatl 


3 Ci 


ane ee sa 
aT TT 


At NA 
HCE tec 
ee 


Vee—Base-Emitter Voitage—V 
bs 2 
a 


ViBRICER—Collector-Emitter Breakdown Voltage—V 


-20 |_| UTM vce = -10v—-— 
: ; Fr tithe 
10 100 1k 10k 100 k 0.1 -1 -10 -100 = -1000 
RgE—Bare-Emitter Resistance Ta—Free-Air Termperature—°C ig—Collector Current—mA 
FIGURE 2 FIGURE 3 FIGURE 4 
hee vs Ic hee vs Ic VcEisat) ¥8 Ic 


| | 
rat 
EC CI 


IM nT 


Tt Hl Hl 
HE ! 
TT TNT 


Ati at A 


hee—Static Forward Current Transfer Ratio 


VCE (sat) —Collector-Emitter Saturation Voltage—V 


-1 =10 -100 —1000 -0.1 ~10 -100 1000 ~0.1 -1 -10 - 
Ie—Collector Current—mA ne Current-mA {c—Collector Current—mA 
FIGURE 5 FIGURE 6 FIGURE 7 
NOTE 1: These parameters were measured using pulse techniques. ty = 300 us, duty cycle a 2%, 
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CHIP TYPE P20 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Normalized hig, hfg, bre, hoe v8 Ic 


Hybrid Parameters Relative to Values at Ic = —10 mA 


0.1 04 -1 —-4 -10 
Ic—Collector Current—mA 
FIGURE 8 
Contours of Constant fy 
—20 


Hl 
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et UIT 
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VcE—Collector-Emitter Voltage—V 


LUI NUNS ef 


0 
~0.1 -1 —10 -100 
Ic—Collector Current—mA 
. FIGURE 10 
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PLAT es 
N Sl Ei 
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Hybrid Parameters Relative to Values at VCE = —10 V 


Capacitance—pF 


Normalized hig, hfe, hre, Nog 3 VCE 


a) —2 -—4 -6 -8 ~10-—12 ~14 —16 —18--20 
VcE—Collector-Emitter Voltage—V 
FIGURE 9 


Cobo. Cibo v8 VR 


20 
eM ae 
LONE COT 
CIM eee CT 
mms A 
LCS 
S/R 
6 nt 
a a A 
| 
re 04 -1 —4 10 —40 —100 


Vr—Reverse Voitage—V 


FIGURE 11 


NOTES: 1, These parameters were measured using pulse techniques. ty = 300 us, duty cycle a 2%. 
2. Capacitance measurements were made using chips mounted in TO-5 packages. 
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CHIP TYPE P20 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


POST OFFICE BOX $012 « 


ORPORA 


tyvslo 


tg vsle 
pa Vec =-30 V 
40 4 
PSM = tea 
mp Schima : 
mai UN ill 
iad — 
E oe aS NM _20 . 
§ 7 Eten - 
Po4 $ 
Voc = -30 V 
2 VBE (off) * R4AIV 
Ta=25C 
1 Figure 1 Circuit leas! 
—10 -40 -100 —400 -1000 —10 -40 -100 -400 -—1000 
\c—Collector Current—mA I¢—Collector Current—mA 
FIGURE 12 FIGURE 13 
tivsic 
100 7-7 TT) 
90 veer ov 
70 |___fa TH Ta = 25°C 
ee nnn SOT STAT Figure 1 Circuit 
es EOS tH 
i= 
2 40 1B(1) = —!B(2) = NOTH 2 
e i it 1B(1) = ~!B(2) = 
ed = <i ms 
3 ic] Eur ii 
CHT NTT oe Ssh Mi 
‘4 20 L Lite 
Vcc =-30V “36 
Ta = 25°C 
10 Figure 1 Circuit 
-10 ~40 ~-100 -400 -1000 —10 —40 —100 -400 -1000 
Ic—Collector Current—mA Ic—Collector Current—mA 
FIGURE 14 FIGURE 18 
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CHIP TYPE P22 
P-N-P SILICON TRANSISTORS 


@ P22 is a 20 X 20-mil, epitaxial, planar, direct-contact chip 
e Available in Silectt packages 
e For use in high-voltage amplifier circuits 


electrical and operating characteristics at 25°C free-air temperature 


PARAMETE Ci [TION 
eibddicies LOW TYP HIGH 


ViBR)CBO Coltector-Base Breakdown Voltage | Ic = —100 uA, le =0 ~150® —175 


Collector-Emitter 
Vv i¢=—-10mA, Ig <0, See N —140% —165 
{BRICEO Breakdown Voltage - Ba“ suai Eee 
ViBRIEBO Emitter-Base Breakdown Voltage | Ig = -10 uA, 1c=0 —65¢ 7 


IcBo Collector Cutoff Current Vop = —100V, Ie =0 
leEBO Emitter Cutoff Current Vep*=—3 V, Ic =0 


Voce =-5V, io=-1mA 


[<0 = 80] nA] 
=<01_ 80] 0A] 

Voe==8V.__lo=~ [40160240] 

CE —5V 1c=-10mA eae 40. 160 240 

Vor = =8V 1g = =80 mA [40150] 
-0.8 1.0 


Static Forward Voltage 
Transfer Ratio 


Vee ——_—Base-Emitter Voltage See Note 1 7-10 
Collector-Emitter ip =—1 mA, Io = —-10mA —0.06 
VCE (sat) Saturation Voltage r =—5mA, Io = -50 mA 
hi Small-Signal Common-Emitter 
8 Input Impedance 


Small-Signal Common-Emitter : Py 
VcE = —-10V, lo =—-1mA, a 


h 
_ Forward Current Transfer Ratio 


Smaill-Signal Common-Emitter 
Reverse Voltage Transfer Ratio 
Smali-Signat Common-Emitter 
Output Admittance 
Voe==10V,ig=—10mA, f= 20Me 
Common-Base Open-Circuit Vop = —-10V, Ig = 0, f= 1MHz, 

Output Capacitance See Note 2 


CG Common-Base Open-Circuit Veg=-1V, Ic #0, f= 1 MHz, 
tbo Input Capacitance See Note 2 
eee 


Cobo 


Vce*-5V, Ic =—1mMA, Rg = 10k2, 
Spot Noise Figure See c SG 
£= 1kHz 
= 7 Voce 2-8 V, Io = —250 pA, Rg =z1k2, 
F A Noise F 
Noise Bandwidth = 18.7 kHz, See Note 3 


tTrademark of Texas Instruments 
*These values do not modify guaranteed limits for specific devices and do not justify operation In excess of absolute maximum ratings. 
NOTES: 1. These parameters were measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
2. Capacitance measurements were made using chips mounted in TO-92 packages. 
3. Average Noise Figure was measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency roll-off of 
6 dB/octave. 
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CHIP TYPE P22 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


\cBQ—Collector Cutoff Current—nA 


hee—Static Forward Current Transfer Ratio 


25 50 75 100 «125—Ss«180 01 04 -1 —4 -10 40 -100 
Ta—Free-Air Temperature—°C i¢—Collector Current—mA 
FIGURE 1 FIGURE 2 


VCE (sat) ¥S Ic 


Vpe—Base-Emitter Voltage- V 


eeehh he 
>’ we DD 


VCE (sat) —Collector-Emitter Saturation Voltage—V 


0 
0.1 04 -1 4 -10 —40 -100 
i¢—Collector Current—-mA (¢—Collector Current—mA 
FIGURE 3 FIGURE 4 
Normalized hie, hfe, rg. hoe YS VCE Normalized hig, hgg, Hye, Noe ¥s Ic 

> 
o 
7 10 


04 
0.1 


e 
is) 


0.04 


Hybrid Parameters Relative to Values at VcE 
° 
u 
Hybrid Parameters Relative to Values at 1c = - 1 mA 


0.1 0.01 
-1 ~4 -10 -40 = =~100 0.1 04 +1 4 40 ~100 
Vce—Collector-Emitter Voltage—V \g¢—Coliector Current—mA 
FIGURE 5 FIGURE 6 


NOTE 1: These parameters were measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
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CHIP TYPE P22 i 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


itvsic 


f—Transition Frequency-MH2 


-1 4 -10 ~40 -100 
ig--Collector Currant—mA 


| 


FIGURE 7 
Cobo vs VcB Cibo vs Ves 
10 
9 
se ‘ 
$7 ; 
& 
2. F 
Bs j 
Bs 3 
9 3 3 
§? 
1 
3 TM ELL 
0.1 04 -1 “4 -10 -40 -100 0.4 ~0.2 04 -0.7-1 -2 4 
Vop-Collector-Base Voltage—V Vep—Emitter-Base Voltage—V 
FIGURE 8 FIGURE 9 
Fvsf FvsRg 


6 


t= 1kHz 
Noise Bandwidth = 15.7 kHz 
Ta = 28°C 


F—Spot Noise Figure—-dB 
a 


F—Average Noise Figure—aB 


-~Y WOE MAY BO 


1 mal moc} 
‘Como : 
0.01 0.04 0.1 04 10 40 100 

f—Frequency~kHz Rg—Generator Resistance-k2 


FIGURE 10 FIGURE 11 


NOTES: 2. Capacitance measurements were made using chips mounted in TO-92 packages. 


3. Average Noise Figure was measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and high-frequency roll-off of 
6 dB/octave. 
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CHIP TYPE P23 
P-N-P SILICON TRANSISTORS 


© P23 is a 20 X 20-mil, epitaxial, planar, expanded-contact chip 


e Available in TO-18 packages 
e For use in low-power, general purpose saturated switching and 
amplifier circuits 


electrical and operating characteristics at 25°C free-air temperature 


PARAMETER OBSERVED VALUES 
LOW TYP HIGH 
Vipr)cgo Collector-Base Breakdown Voltage | !¢ = ~10 HA, Ie =0 40° —75 


UNI 
Cotlector-Emitter 
Vv Ic = -—10mA, Ip =0, See Note 1 Vv 
(BRICEO Breakdown Voltage . a | - - [| 


V(BR)EBO Emitter-Base Breakdown Voltage | Ie = —10HA, Ic =0 ) -5* 35 | 
ICBO Collector Cutoff Current Vcp = —40V, iE =0 ma a.) 


Static Forward Current 
Transfer Ratio 


Vee Base-Emitter Voltage Ig =—1mA, Ic = —10 mA, See Note 1 0.6. —0.8 —1.0 


Collector-Emitter Ig =—1 mA, ic =-10mA 
VCE (sat) . See Note 1 
: Saturation Voltage Ip =-5 mA, Ig = —50 mA 
Smali-Signal Common-Emitter 
input Impedance 


Small-Si “Emi 
he all-Signal Common Emitter, 50 190 400 
Forward Current Transfer Ratio f=1kHz 


hie 


Smail-Signal Common-Emitter 
Reverse Voltage Transfer Ratio 
Smal}-Signal Common-Emitter 
Output Admittance 


Voe==5V,ig==10mA,__f = 100MHe 
Vce = —20 v, Iq =—10 mA, f = 100 MHz 250 730 


ebe Output Capacitance See Note 2 
é. Common-Base Open-Circuit Veg=-1V, 1c = 0, f= 1MHz, | af or | 
= input Capacitance See Note 2 
ermten (ig o 
ee ee 


fr Transition Frequency 


IB) =—1 MA, VBE (off) * 0-5 VI 
Voor sve > les IRs, 
Iai) —1 mA, tp(2) ~ 1 mA 
v 


Data 
Sheet 
Circuit 


ta Detay Time 
t Rise Time 
ts Storage Delay 
te Fall Time 
*These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 


NOTES: 1. These parameters were measured using pulse techniques. ty = 300 us, duty cycle = 2%. 
2. Capacitance measurements were made using chips mounted in TO-18 packages. 


Vec=-3V, I¢ = —10 mA, ipia) * —1 mA, 
Ipi(2) * 1 mA, VBE(off) ~ 4-1, See Figure 1 
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iY 


VigR}CER—Collector-Emitter Breakdown Voltage—V 
& 
o 


CHIP TYPE P23 
P-N-P SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


VeB=4.1V Vec=—-3V tp <1ns ty < 10 ns 
ov 
INPUT 
OUTPUT ae 
rion le loff —>| 
\ ! | 
t ol 
INPUT a a ees aa ae 
itr —+} tf = 
{ 90% 90% { 
_ Voc~VcE (sat) I f.)  SOTEUE 
Ic 10% 10% 


(See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 
NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Zout = 50 2; for measuring ty and t,, 
tw © 200 ns, duty cycle © 2%; for measuring t, and t, ty * 10 us, duty cycle < 2%, 
b. Waveforms are monitored on an oscilloscope with the following characteristics: ty S Ins, Rin 2 100 K2, Ci, <7 pF. 


FIGURE 1—SWITCHING TIMES 
TYPICAL CHARACTERISTICS 


ViBR)CER vs REE 'cBo vs Ta hee vs I¢ 


io =-10 mA 
“CO lTA=25°C tHH+— 
See Note 1 


ICBo—Collector Cutoff Current—nA 


hee—Static Forward Current Transfer Ratio 


1k 4k 10k 40k 100k 400k 25 60 75 1000«125—S«150 0.1 04 +1 4 -10 -100 
Rge—Base-Emitter Resistance—Q Ta—Free-Air Temperature—"C I¢—Collector Current—mA 
FIGURE 2 FIGURE 3 FIGURE 4 
bee vs ic VCE (sat) v8 bc 


SeeNowe 1 tft Ht 


TA@ 126°C 
lA 


7 
5 i 
oO 
> > 
I i 
a 3 
x3 3 
i” ; 5 
S 200 E F 
€ 
I 160 i wo 
120 }+_} § 
wi = 
5% $ § 
w 40 : 
=, a 
01 -04 -1 —4 -10 —40 ~100 0.1 ~04 -1 ~4 +10 40 -100 td 0.1 04 -1 —4 -10 40 --100 
ic¢—Collector Current—mA to—Collector Current—mA I¢—Coltector Current—mA 
FIGURE 5 FIGURE 6 FIGURE 7 


NOTE 1: These parameters wera measured using pulse techniques. tw = 300 us, duty cycle = 2%, 
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CHIP TYPE P23 


P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Normatized hig, hfe. Hre, hoe ¥3 'c 


4 
7 
2 
s 
$ 
2 
z 
3 
4 
i 
é 
2 
5 91-04-10 4 10-40 -100 = 
{¢—Collector Current—mA 
FIGURE 8 
Cobo vs VcB 


_ TM TT Tht 
‘ Sa tt 
a a 1 

ae tT 


Fvsf 


NM TT vce =-5 
AN itr 
LAK x tit 


Ta 
CN Fi 


\ Ic =-1 mA 
SN NUN Geta 


|_| 
CRS 
too in 1 ro 


‘Sim CT COT 


F—Spot Noise Figure—d8 
o 


FIGURE 12 


NOTE 2: Capacitance measurements were made using chips mounted in TO-18 packages. 


2 4 -7-10 ~-20 ~40 
I¢—Collector Current—mA 


FIGURE 9 


Cibo vs VEB 


Vep—Emitter-Base Voltage—V 


FIGURE 11 
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CHIP TYPE P23 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


| LA % 
PT ATTN TTT 
pL TN TT 
ot SSS 


: Sl 
PA 
ol UI z 
—4 —10 -40 —100 -1 4 —10 —40 —-100 
Ic—Collector Current—-mA I¢—Coliector Current—mA 
FIGURE 13 : . FIGURE 14 
tg vsic tevsic 
ae BRE ll ye (ons 
TAT] ter 182 - 8 dil Pests 
80 
, wot | POA TTT es 
i! UNG ill 
E oopomrcem BT TTT gS i 
F TIS ee cl 
4 ieee Ls Li 
: Mamiill . hi PEE 
10 1B(1) = ~'B(2) = 4 
-1 -2 -4 -10 ~-20 -40 -—100 ie —4 -10 -40 -100 
I¢—Collector Current—mA Ic—Collector Current—mA 
FIGURE 15 FIGURE 16 
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CHIP TYPE P24 
P-N-P SILICON TRANSISTORS 


© P24 is a 20 X 20-mil, epitaxial, planar, direct-contact chip 
e Available in Silectt packages 
@ For use in AM/FM/TV RF/1F converter and amplifier circuits to 300 MHz 


electrical and operating characteristics at 25°C free-air temperature 


OBSERVED VALUES! 
TION IT 
PARAMETER CONDITIONS Low tye HicH| UN 


V(BR)CBO Collector-Base Breakdown Voltage |I¢=—100HA, le = 0 -70% —110 


Collector-Emitter 
=—2mA, Ig = 0, Note 1 


Vv 
V(BRIEBO Emitter-Base Breakdown Voitage | le = —100 uA I¢=0 


E 0 = 
Vep==20V,  le=0 
Icgo Collector Cutoff Current Veg = —60V, 1e=0 rr 


Voge ==8 Vv, Ig= 0.1 mA ee 


Static Forward Current 


nFE Transfer Ratio 


VBE Base-Emitter Voltage 


Viele Collector-Emitter Bz 0.1 mA, : 
Saturation Voltage Ig =—1mA, I¢ = —10 mA, See Note 1 
Small-Signal Common-Emitter Voce" -9V. i¢ = —1 mA, f = 455 kHz | 30 =639 Si 
Prel Forward Current Transfer Ratio Vee =-9V, Ic =-1 mA, f= 10 MHz — 22 a | 


ft Transition Frequency Vce=-10V, ic =—10 mA, # = 100 MHz ; 820 
Smail-Signal Common-Emitter 
Vce=-9V, I¢ =—1 mA, f = 455 kH 
Weel Forward Transfer Admittance CE ¢ ey = pe He, | 


[cop Coleco Be Cpncence VCB SV, iE 0, f 1 MHz, 
Cob Collector-Base Capacitance 


Vep = —0.5V, Ic =0, f= 1 MHz, 


Emitter-' Ca ita 
Cob ic iehbpmodiens witcha See Notes 2 and 3 


Collector-Base Time Constant 


tb'Cc 


Spot Noise Figure 


tTrademark of Texas Instruments 
These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
NOTES: 1. These parameters were measured using pulse techniques. ty = 300 us, duty cycle < 2%. 
2. Capacitance measurements were made using chips mounted in TO-92 packages. 
3. Cop and Cen Measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or collector, respectively) is connected to the guard terminal of the bridge. 
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CHIP TYPE P24 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Icpo vs Ta Vee vsic 
2 =i 
é 0.9 
: > -08 
F § -07 
I $ -06 
—p E 05 
Meese: Sim ps 
F pan A ee 
§ oo AT TT = 2 nt 
mee A Peeve ll 
fs 10 | “4 
0.01 —0.04 -0.1 -0.4-1 —4-10 -40-100 0.01 —0.04-0.1 -0.4-1 4-10 -40-100 
Ta—Free-Air Temperaturs—°C I¢—Coltector Currant—mA I¢—Collector Current—mA 
FIGURE 1 FIGURE 2 FIGURE 3 
VBE vs Ic VCE (sat) YS Ic Normalized hig, hfe. hye hoe ¥8 Ic 


Ect 
CMT TTI 1 
“lll 


VpeE—Base-Emitter Voltage—V 


VCE tsat)—Collector-Emitter Saturation Voltage—V 


Hybrid Parameters Retative to Values at Ic = —1 mA 


my 
a 0.04 04-1 -—4 -10 -40-100 ea -0.04-0.1 04-1  -4.-10 -40-100 
\c¢—Coliector Current—mA I¢—Collector Current—mA I¢—Collector Current—mA 
FIGURE 4 FIGURE 5 FIGURE 6 
Ptelvs!c fT vs Ic Vtelvs Ic 
5 S00) 200 
i i" Ce 
§ z 400 Figo Tan 26°C rf tt TT 
! ‘ i 
: i 300 3 120 
ts] & 5 
z 5 200 i cone 
E i ied I Eh 
} ie Pn ase 
} $ EV eee eee 
‘5 ‘ ott ET ttt) 
EB -o4 -07 -1 -2 -4  -7 -10 0.1 -04 -1 -4 -10 -40 -100 ° - 2 -3 -4 6 
Ic—Collector Current—mA {¢—Collector Current—mA 1¢-Collector Current—mA 
FIGURE 7 FIGURE 8 FIGURE 9 


NOTE 1: These parameters were measured using pulse techniques. tw = 300 us, duty cycle < 2%. 
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CHIP TYPE P24 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


iep—Paralle! Equivalent Input Resistance—k&2 
Toep—Parallel-Equivalent Output Resistance-kS? 


I¢—Collector Current-mA I¢-Cotlector Current—mA 


FIGURE10 FIGURE 11 
Cob vs Vee Ceb vs VEB 
6 
Ic =0 Vop=-9V 
4b f=1 MHz Ty & = 79.8 MHz 
% 4% TA= °C ¢ 
& i 4 T See Notes 2 and 3]] TT 7 5 
5 5 { 5 
i : : 
3 
3 H : 
‘ i, : 
F E 5 
‘ ey § 
g g H 8 
0 N 
0.1 02 -0.4 -0.7 ~1 -2 -4 
Vcp~Collector-Base Valtage—V Veg—Emitter Base Voltage—V Ig-Emitter Current-mA 
FIGURE 12 FIGURE 13 FIGURE 14 
F vsf Fvsic Fvs Rg 


F—Spot Noise Figure—dB 
F—Spot Noise Figure—dB 


F—Spot Noise Figure—d8 


0.01 0.0401 04 1 4 10 40 100 001 004 010204 1 2 4 710 
f-Frequency—kHz $c—Collector Current=mA Rg—Generator Resistance-kS? 
FIGURE 15 FIGURE 16 FIGURE 17 


NOTES 2. Capacitance measurements were made using chips mounted in TO-92 packages. 
3. Cop and Cep measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode 
(emitter or collector, respectively) is connected to the guard terminal of the bridge. 
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CHIP TYPE P25 
P-N-P SILICON TRANSISTORS 


@ P25 isa 10 X 12-mil, epitaxial, planar, expanded-contact chip 

© Available in Silectt packages 

e For use in VHF/UHF common-base amplifier circuits requiring 
forward-AGC characteristics 


electrical and operating characteristics at 25°C free-air temperature 


[OBSERVED VALUES | 
PARAMETER CONDITIONS ERVED VALUES UNIT 
LOW TYP_ HIGH 


ViBR)CBO Collector-Base Breakdown Voltage 1q = —100 pA, Ig =0 rv | 


7 Collector-Emitter ey a Ip =0 See Note 1 v 
(BR)CEO Breakdown Voltage a ‘ aie 


ViBR)EBO Emitter-Base Breakdown Voltage le = —100 pA, Ic=0 
1cBO Collector Cutoff Current Veep = —25V, 1g =0 =<0.1 —100] nA | 


h Static Forward Current v tov \ 2 mA 
= : =—2m 
FE Transfer Ratio ce ¢ 
f =08 1.1] V 


VBE Base-Emitter Voltage 


Collector-Emitter 
Vv Ig =—0. A, I¢ = —-2.5 mA 
CE (sat) Saturation Voltage B cea ig ih 


et Gotocmmet  [etnemuse — oomes |? | 
Transmission Coefficientt ZG = ZL = 50 2 + jo, See Note 2 
oh roa el 
ce i 


C Collector-Base Capacitance Vep=-10V, © ip =0 f= 1 MHz, 
Cc, Collector-Emitter Capacitance Vce = —-10V, Ig =O See Notes 2 and 3 0.25 «(0.30 


nee Vop = —-10V, Je =2mA, Rg = 502, 
F Spot Noise Figure = 850 MHz 


tTrademark of Texas Instruments 
*tThese values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
the is equal to the insertion power gain of the transistor alone. 


NOTES: 1. These parameters were measured using pulse techniques. ty = 300 ys, duty cycle © 2%. 
2. Capacitance and s-parameter measurements were made using chips mounted in Silect packages. 
3. Cop and Cog measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or base, respectively) is connected to the guard terminal of the bridge. 


a 
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CHIP TYPE P25 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


IcBo 8 Ta 


i¢go—Collector Cutoff Current—nA 


hpE—Static Forward Current Transfer Ratio 


0 
P 60 75 100 «125160 -0.1 02 -04-07-1 -2 -4 -7-10 
Ta—Free-Air Temperature—"C (¢—Collector Current—mA 
FIGURE 1 FIGURE 2 
VBE ¥5 Ic VcE(sat) “5 Ic fy vs ic 
-1.0 on 1000 
-0.9 i 900 
2 ny 
> -08 2 = 9800 
8 
EB -07 3 T 700 
7 -0.6 3 H 600 
£ 05 g = 600 
E E § 
2 04 a B 400 
$ 5 2 
© 93 g = 
iF 2 
2 -02 8 + 20 
0.1} Voe = -10 V——— a 100 | 
See Note 1 rrr 
3 0 
=I ~2 4 -7 -10 > ; -1 -2 4 -7 -10 
Ic—Collector Gurrent—mA Ig—Collector Current—mA : i¢—Collector Current—mA 
FIGURE 3 FIGURE 4 FIGURE 5 
Isp vs # 


C—Capaci —pF 


ftp i2—-Square of Forward Transmission Coefficient—dB 
rb i2—Square of Reverse Transmission Cosfficient—dB 


C) 
O01 -0.2 -04 -1 2 4 ~10 
Vr—Reverse Voltage—V 


FIGURE 6 FIGURE 7 FIGURE 8 


NOTES. 1. These parameters were measured using pulse techniques, tw = 300 us, duty cycle © 2%. 
2. Capacitance and s-parameter measurements were made using chips mounted in Silect packages. 
3. Cob and Cog measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or base, respectively) is connected to the guard termina! of the bridge. 
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CHIP TYPE P25 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON-BASE INPUT REFLECTION COEFFICIENT, sip 
and 
NORMALIZED INPUT IMPEDANCE 
Ves = -10 V, 2g = 2, = 50:2 +50, Ta = 25°C 


a 1 
LY ae a, 
sae 


Oot 


ae 


Le PA 
LOAD 
aay, ae D7 “ 


These measurements were made using chips mounted in Silect packages. 


FIGURE 9 
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CHIP TYPE P25 
P-N-P SILICON TRANSISTORS 
TYPICAL CHARACTERISTICS 

COMMON-BASE OUTPUT REFLECTION COEFFICIENT, top 


and 
NORMALIZED OUTPUT IMPEDANCE 


Veg = -10 V, 2g = Z_ = 50 2+ j0, Ta = 26°C 


WO, 

CQ 
ts LOL 
PL LEREN 


COsscy 
ROS) 
LOS 


SOCKS 
SSS 


Se x Ss LY 
Sy SRS 


These measurements were made using chips mounted in Silect packages. 


FIGURE 10 
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CHIP TYPE P27 
P-N-P SILICON TRANSISTORS 


@ P27 isa 15 X 15-mil, epitaxial, planar, expanded-contact chip 
e Available in TO-72 and Silectt packages 
e For high-speed switching or high-frequency (to 2 GHz) amplifier circuits 


ae 


electrical and operating characteristics at. 25°C free-air temperature 


OBSERVED VALUES 
LOW TYP HIGH 


PARAMETER CONDITIONS 


¢ 
z 
ar 


ViBR)CBO Collector-Base Breakdown Voltage | Ic = —10 WA, le =0 
v Collector-Emitter 
(BR)CEO Breakdown Voltage 


ViBR)EBO Emitter-Base Breakdown Voltage ie =—10uA, Ic=90 
lcBo Collector Cutoff Current Ves = —15V, “Ie =0 


h Static Forward Current Vee =-1V, Ic=-—1mA 
ie Transfer Ratio Vce=—6V, ig=—10mA, See Note 1 
VcoeE=-1V, I¢=-1mA —0.7 .8 
VBE Base-Emitter Voltage cE € — 
Voce = -6 V, I¢ =~-10mA, See Note 1 


Vv Collector-Emitter 
CE(sat) Saturation Voltage 


Vv 


ce=-6V. Ig=-2mA 
bel? Zg * Z_ = 80 2 + j0, 
f = 450 MHz, See Note 2 ice —10mA | 
Vep=—6V._le=0 f= 1 Mie 07 
Vea=-06V, Ic=0 See Notes 2 and 3 


VcE=~-6V, Io =—-5 mA, f = 79.8 MHz, 
See Note 2 


I¢ =—10 mA, 


o 
1 
° 


1, See Note 1 


{ 
A 
° 
3 


I 
o 


lg =-1mA, Ic = —10 mA, See Note 1 


Square of Common-Emitter 
Forward Transmission Coefficient? 


b'Ce Collector-Base Time Constant 


F Spot Noise Figure 


t trademark of Texas Instruments 
These values do not modify guaranteed limits for specific devices and do not justify operation in excess of absolute maximum ratings. 
thre? is equal to the insertion power gain of the transistor alone. 
NOTES: 1. These parameters were measured using pulse techniques. ty, = 300 ys, duty cycle < 2%. 
2. Capacitance, rp’Co, and s-parameter measurements were made using chips mounted in TO-72 packages. 
3. Cop and Ce, measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 
or collector, respectively) is connected to the guard terminal of the bridge. 


oa 
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CHIP TYPE P27 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


Icgo—Collector-Base Cutoff Current—nA 


ro] 50 7% 100 125 160 
Ta—Free-Air Temperature—°C 


FIGURE 1 
hee vs Ic 
ss 1 
F = 0 
Fy 5 0 
i E © 
3 3 50 
I i 
a 2 30 
4 ee nada | nD 
z oe a a hh ee 
=) -2 -4 -7-10 -20 -40 
\g—Coliector Current—mA i¢—Coltector Current—mA 
FIGURE 2 FIGURE 3 
VE (sat) ¥s Ic 
> 
it 
§ 
s 
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: F 
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& 
S 
1 -2  -6 -7-10 -20 -40 = -1 -2 -4 -7-10 -20 -40 
ic¢—Collector Current-mA I¢—Collector Current—mA 
FIGURE 4 FIGURE 5 


NOTE 1: This parameter was measured using pulse techniques. tw = 300 us, duty cycle < 2%. 
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CHIP TYPE P27 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


{Transition Frequency—GH2z 


a 
a 
3 
s 
3 
°° 
8 
a 
3 
3B 
2 
¢ 
3 
oO 
See Notes 2 and 3 
0.1 -02 -04-07-1 -2 4 -7-10 
Vep—Collector-Base Voitage—V 
FIGURE 7 


Z@=Z_ =502+)j0 

Ta = 25°C 

See Note 2 

1 0.2 04° 07 1 2 4 
f—Frequency—GHz 


FIGURE 9 


'stel2—Square of Forward Transmission Coetficient—dB 


PEE EEE 
Lt | ZI tf 
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NOTES: 1. This parameter was measured using pulse techniques. tw = 300 us, duty cycle < 2%. 
2. Capacitance, rp)'C,, and s-pararneter measurements were made using chips mounted in TO-72 packages. 
3. Cop and Cap measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter 


or collector, respectively) is connected to the guard terminal of the bridge. 
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TYPICAL CHARACTERISTICS 
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Vee = -6 V, ZG = Zi = 50 2 +0, Ta = 25°C 
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These measurements were made using chips mounted in TO-72 packages. 


3 
0.19 84° 


FIGURE 11 
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CHIP TYPE P27 
P-N-P SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


and 
NORMALIZED OUTPUT IMPEDANCE 


COMMON-EMITTER OUTPUT REFLECTION COEFFICIENT, sog 
VceE = -6 V, Zg = Z,, = 50 2 + j0, Ta = 25°C 


x 
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These measurements were made using chips mounted in TO-72 packages. 
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CHIP TYPE U41 
PROGRAMMABLE UNIJUNCTION TRANSISTORS 


@ U41isa 20 X 20-mil, epitaxial, planar, direct-contact, p-n-p-n 
thyristor chip with an n-gate 


e Available in TO-18 and Silectt packages 


e For unijunction applications requiring programmable 7, 'BB, 
ly, and Ip 


electrical and operating characteristics at 25°C free-air temperature 


OBSERVED VALUES 
Sania htow._tve__nicn |S! 


TGAO _ Gate Reverse Current VGa=40V,_Ik=0 Pons | na | 
Iaks __ Gate Reverse Current Vek =40V, Vak=0 ee 


Vs=10V, RG=10k2 0.2 0.35 0.6 
Vp-Vs Offset Voltage v 
Vs=10V, _Ag= 10MA poz 0318 | 
Vg=10V, _Ag=10Kn ee 
le Peak-Point Current S S 


Vs=10V, _Ag=10Kn [2s 200 
ee vente. Re eee | 8 ee i 
Vv ‘Anode; Cathode On-State Voltage Vg=10V, RG=10k2, IF=50mA rT SOA TS | 


F 7 

Vom __Peak Output Voltage | ee 
Vaa=20V, C1=0. F, See Fi 3 
tr Output Pulse Rise Time sik wd pails 


PARAMETER MEASUREMENT INFORMATION 


B2 
1A 
Ri 
e R2 ‘ n 
G 
om V 
A A Interbase Resistance rpg ~ R1+R2 VAK s 
R1 
Intrinsic Standoff Ration * —— K 
K R1eR2 
joes ‘Ve281 
5 = 
: R1+R2 
B81 7 Ri-R2 
GO RIeR2 
FIGURE 1—PROGRAMMABLE UNIJUNCTION CIRCUIT FIGURE 2—EQUIVALENT CIRCUIT USED FOR TESTING 
t Trademark of Texas Instruments 
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CHIP TYPE U41 
PROGRAMMABLE UNIJUNCTION TRANSISTORS 


PARAMETER MEASUREMENTS 
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FIGURE 3—TESTING OPERATING CHARACTERISTICS 


TYPICAL CHARACTERISTICS 
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CHIP TYPE U42 
P-N PLANAR UNIJUNCTION TRANSISTORS 


© U42isa15 X 15-mil, P-N, direct-contact chip 

© Available in modified TO-18 and Silectt packages 

e For use in simple relaxation oscillator circuits as SCR drivers, timers, 
motor-speed controls, waveform generators, multivibrators, ring counters, 


electronic organs, and ordnance fuzes 


PARAMETER 
Low TYP HIG 


eae LT TC, BN NE] 
eee ae er 
*rBB Temperature Coefficient Tag = —66°C to 100°C, See Note 1 

Veze1= 10V 
+ ——Nicahlated inerbess Gumane [Vage1=10¥,ig=60mA, Seow? [1228 


Ig pat PomCEnier cura | Vegi nOOV Se 
Vest {sat) _ Emitter Saturation Voltage Vp281=20V, te = 50mA SeeNow2? | 8 | VI 


ly Valiey-Point Emitter Current Ve2B81 = 20V 
VonI Bate One Pook Pulso Voltoge 7s Lv 


< 


tTrademark of Texas Instruments 
NOTES: 1. Temperature coefficient agg is determined by the following formulas: 


(rpg @ 100°C) — (rpa® —65°C)| 100% 
“res (rgg @ 25°C) 165°C 


To obtain rgg for a given temperature Taig). use the following formula: 


TBB(2) * (tap @ 28°C) [1 + (arg_e/100%) (Ta(2) —25°C)] 
2. These parameters were measured using pulse techniques. ty = 300 ps, duty cycle < 2%. 
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CHIP TYPE U42 
P-N PLANAR UNIJUNCTION TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


FIGURE 1-Vogj TEST CIRCUIT 
TYPICAL CHARACTERISTICS 
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FIGURE 2 


'B2(moa) vs VB281 
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FIGURE 4 


lEB20 vs Ta 


Ty — Free-Ale Temperature = °C 


FIGURE 3 
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FIGURE 5 


NOTE 2: These parameters were measured using pulse techniques. tw = 300 us, duty cycle © 2%. 
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CHIP TYPE U42 
P-N PLANAR UNIJUNCTION TRANSISTORS 


rT 


TYPICAL CHARACTERISTICS 


ly — Peck-Polnt Emitter Current — pA 


Ty = Free-Alr Temperature — °C 
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NOTE 2: These parameters were measured using pulse techniques. ty = 300 ys, duty cycle < 2%. 
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QUALITY AND RELIABILITY INFORMATION 
QUALITY INSPECTION LEVELS 


ee 


All transistor types listed in this catalog are subject to electrical and mechanical sampling inspection performed by the 
Quality and Reliability Group to the following AQLs (Acceptance Quality Levels): 


AQL, AQL, 
PARAMETER SUBGROUP PARTIAL CUMULATIVE 

Static Parameters at 25°C - 0.65 
Static Parameters at other than 25°C 15 4.0 
Dynamic Parameters (<1 kHz) 1.5 4.0 
Dynamic Parameters (>1 kHz) 1.5 4.0 
Capacitances 1.5 4.0 
Operating Characteristics 1.5 4.0 
Switching Characteristics 15 4.0 
All Other Parameters 1.5 4.0 
Inoperatives - 0.25 


RELIABILITY OF SILICON TRANSISTORS 


The technology for epitaxial planar silicon transistor chips with aluminum metallization has been established for several 
years. This technology, for the most part, is well understood. Processes for fabricating epitaxial planar silicon transistors 
are mature, and failure modes for transistors fabricated in a controlled process are defined. The failure-mode 
distribution for this process is shown in Figure 1. The primary failure modes are related to wire-bond-to-chip (contact) 
integrity and certain surface phenomena. 


Understanding of the epitaxial planar silicon chip technology, maturity of the process, and knowledge of the 
failure-mode distribution make possible the definition of the reliability of these transistors. The reliability to be 
expected for transistors manufactured by the standard process is shown in the plot of average failure rate as a function 
of junction temperature in Figure 1. Data for Figure 2 are derived from life-tests at maximum-rated conditions—some as 
long as 35,000 hours (4 years, continuous). Specifically, the reliability of transistors from the standard process is 
defined by the curve labeled “Hermetically Packaged, Commercial”. 


Improvement in the reliability of these transistors can be achieved only by additional process requirements such as 
special selection of chips, more stringent pre-encapsulation criteria, or special screens such as active burn-in or 
high-temperature reverse-bias screening of encapsulated transistors. These measures are effective in removing devices 
with manufacturing anomalies which might cause failure of the parts during use. Column B of Figure 2 shows the 
relative improvement in failure rate and occurrence of failures which result from imposing special process requirements 
and subsequent screens. 


The degree of reliability improvement obtained by the imposition of special process requirements and screens depends 
upon their efficacy. For example, Texas Instruments, experience shows that 100% pre-encapsulation inspection to the 
requirements of MIL-STD-750, Method 2072, is effective in removing visual defects which may ultimately be related to 
device reliability. On the other hand, inspection to more stringent criteria may very well result in the costly rejection of 
devices for reasons which in all probability are not related to ultimate reliability of failure-rate improvement. 


The types and levels of stress used in screening transistors to improve reliability vary by device series. Some devices, for 
example, general purpose N-P-N transistors, are more effectively screened by active burn-in; others, for example, general 
purpose P-N-P transistors, by high-temperature reverse bias. In some cases, such as in attaining stabilization for a very 
low-level hE, a combination of both stresses is more desirable. If the types and levels of stress are properly specfied for 
the particular transistor series involved, no more than 168 hours of stress screening should be required. in some cases as 
little as 48 to 72 hours is sufficient. In general, stress screening longer than 168 hours does not significantly improve 
transistor reliability. 


rn 
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QUALITY AND RELIABILITY INFORMATION 
TRANSISTOR RELIABILITY 


Figure 2 shows a plot of average failure rates as a function of virtual junction temperatures for different chip 
technologies, package configurations, and stress-screening requirements. 


Figure 2 may also be interpreted as a rough thermal-derating guide for design purposes. 
PLASTIC-ENCAPSULATED TRANSISTORS 


Plastic-encapsulated transistors are fabricated with the same epitaxial planar silicon chips as used in hermetically 
packaged transistors. Processes for these plastic-encapsulated transistors are still changing because of improvements in 
the technology and packaging techniques of plastic compounds. 


Packaging defects in conventional metal-case transistors are primarily related to hermeticity, whereas encapsulation 
with plastics introduces several additional variables including glass-transition temperature (a temperature at which 
certain plastic compounds suffer irreversible chemical changes), impurity levels, and coefficient of expansion of the 
plastic. 


The failure-rate curve for plastic-encapsutated transistors in Figure 1 will be subject to significant improvements as 
plastic technology is further developed. 


HERMETICALLY PACKAGED TRANSISTORS 


The failure-rate curve in Figure 1 labeled ‘’Hermetically Packaged, Commercial’ reflects the expected average 
reliability of conventional transistors with standard process controls and with no special stress screening to remove 
potential faitures. The curve in Figure 1 tabeled “‘Hermetically Packaged, JAN’’ reflects an improvement in failure rate 
reliability through lot screening of devices for manufacturing anomalies and by lot-acceptance testing which includes 
both environmental and life-test requirements. 


The failure-rate curve labeled “‘Hermetically Packaged, Special Screens” shows still further improvement in reliability as 
a result of additional process and stress-screening requirements. The absolute location of this curve is determined by the 
efficiency of special processing and screening, with a maximum improvement in failure rate of approximately one order 
of magnitude in comparison with transistors which do not receive this special processing. The failure rates shown on this 
particular curve correspond to the level of processing employed in the fabrication of transistors ranging from JANTX to 
high-reliability military and space applications. 


SUMMARY 


The process capability and reliability of epitaxial planar silicon transistors are weil established. Several levels of 
reliability of these transistors can be attained by specific process and stress-screening requirements. Further 
improvements in reliability are attainable only by the introduction of different technologies. The reliability of 
plastic-encapsulated transistors is expected to improve significantly as plastic technology is further developed. 
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AVERAGE FAILURE RATES (AND ESTIMATED FIELD 
FAILURE RATES) OF SILICON TRANSISTORS 
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FIGURE 1 
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FACILITIES AND EQUIPMENT 
A. LIFE-TEST AND BURN-IN FACILITIES 


1. Texas Instruments incorporated is equipped with extensive facilities to provide life-test and burn-in capabitities for 
silicon transistors and diodes. 


2. Facilities are available for a wide range of tests including: 


. Storage life testing up to 300°C. 


a 
b. Voltage-temperature stress testing at both ambient and elevated temperature conditions. 


2 


Free-air operating for transistors and diodes. 


d. Intermittent operating at various cycle times and power levels. 
B. ENVIRONMENTAL FACILITIES 


1. Test capabilities of the Environmental Laboratory are shown in two different ways. First, Military Standard Test 
Capability which lists capability per MIL-STD-202, MIL-STD-750, and MiL-STD-883 for each test category; and 


second, Overat! Test Capability which lists capability Simits and, where applicable, combined environment capability 
for each test category. 


2. Laboratory capabilities required for performance of tests per MIL-STD-202, MIL-STO-750, and MIL-STD-883 are 


listed in Table |. Those tests which are noted as exceptions are beyond the capability of the Environmental 
Laboratory. 


3. Laboratory capability limits, including limits of combined environments, are shown in Table II for each test 
category. 
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TABLE I—MILITARY STANDARD TEST CAPABILITY 


TEST CATEGORY MIL-STD-202 MiIL-STD-750 MiL-STD-883 
Dew Point Tai nitions [a Coton 


Flammability All Conditions Se ee 
All Conditions All Conditions All Conditions 


Resistance to Solvents . 
ants All Conditions 
(Symbolization) 
Pi ila | All Conditions All Conditions 
All Conditions All Conditions ater = 


All Gross Leak Conditions All Gross Leak Conditions 


(Method 1071, Conditions {Method 1014, Conditions C 
C, D, E & Ft & Dt 


All Gross Leak Conditions 
(Method 112A, Conditions 
A, B, and Procedure !V of 
Condition C. Method 104A, 
Conditions A, B & C)t 


All Conditions All Conditions All Conditions 
All Conditions eee oe at 


All Conditions Atl Conditions All Conditions 


EXCEPT: Method 107, Con- EXCEPT: Method 1051, Con- EXCEPT: Method 1010, Con- 
ditions D & F ditions D & E ditions E & F 


All Conditions All Conditions All Conditions 


fa a All Conditions All Conditions 


Acceleration, Sustained All Conditions All Conditions All Conditions 
(Centrifuge) EXCEPT: Method 2001, Con- 
dition J 


NOTE: ‘Method 2001, Con- 
dition G and H, may 
require special fixtur- 
ing. Limited capabil- 
ity for these cond- 
tions is available for 

special package types. 

All Conditions 


NOTE: {Method 2002, Con- 
dition F and G, may 
require special fixtur- 
ing. Capability for 
these conditions is 
available for special 

Package types. 


Vibration, Fatigue ai Coit 
All Conditions All Conditions 


Shock (Mechanical) 


All Conditions Atl Conditions 


EXCEPT: Method 213, Con- 
ditions B, C, G, J, 
and K 


4Vibration, Random All Conditions eae: eee eee eT 
4Vibration, Variable-F requency All Conditions All Conditions All Conditions 


Seal, Fine Leak ONLY Method 112A, Condi- ONLY Method 1071, Condi- ONLY Method 1014, Condition 
(Radioactive Tracer Gas) tion C, Procedure 111.B tionG B 
X-Ray, Film All Conditions All Conditions 
@xX-Ray, Real Time (TV X-Ray) All Conditions All Conditions All Conditions 


Titems in parentheses are the gross-leak test conditions performed by Environmental Laboratory. 

falso can perform mechanical shock per MIL-STD-810B, Method 516, Procedures |, II! and IV. 

4also can perform random vibration and vibration variable frequency per MIL-STD-810B, Method 514.1, Procedures |, (I, Ill, 1V, and vil. 
Omit paragraph 4.5.1.1, Resonant Search, and paragraph 4.5.1.2, Resonant Dwell for Electronic Components. 

Vcapability for testing approximately 15 major microelectric package types per MIL-STD-883, Method 2001, Conditions G and H (sustained 
acceleration) and for testing approximately 30 major microelectronic packages per MIL-STD-883, Method 2002, Conditions F and G 
{mechanical shock) are presently available. These high 'G” level conditions are used primarily for evaluation tests on small packages such as 
C-DIP, P-DIP, TO-5, TO-18, etc. 

*Radiographic inspection is performed in accordance with many other goverment and customer specifications. Before any new radiographic 
specification is acceptance for use as a test standard with Components Group, it must be approved by Environmental Laboratory. 
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TABLE !1i—-OVERALL TEST CAPABILITY 


TEST 
Acceleration, Sustained (Centrifuge) 
Altitude (Barometric Pressure, Reduced) 
Cryogenic Exposure 
Dew Point 
Flammability 
Moisture Resistance 


Radiographic tnspection (X-Ray) 
Film 


Real Time 
Salt Atmosphere/Spray 


Seal 
Gross Leak 


Radioactive Tracer Gas 


Symbolization (Resistance to Solvents) 
Shock (Mechanical) 


Solderability/Soldering 
Temperature Cycling 

Terminal Strength (Lead Integrity) 
Thermal Shock 

Ultrasonics 

Ultraviolet Exposure 

Vibration, Fatigue 

Vibration, Random 


Vibration, Variable 


CAPABILITY 
50-50,000 g (Standard) 
50,000- 100,000 g (Nonstandard) 


450,000 ft. Simulated Altitude with —125°C to 125°C Capability 
—78°C to —196°C 

—65°C to 150°C 

900°C to 1100°C 


PC to 96°C, 40% to 100% RH 


Resolution to 0.001 Inch, 150 kV-5 mA 
360° Rotation—Resolution to 0.001 Inch 


25°C to 71°C, Up to 20% Salt Solution by Weight 


>5 X 10-6, 150°C, Fluorocarbons, Mineral Oils, Ethylene Glycol 
Hydrostatic Pressure—0-300 psig 


>1x10 2 


PULSE SHAPE-—APPROXIMATELY 


HALF-SINE 
1,500-30,000 g @ 0.2 ms + 0.1 ms 
1,000-6,000 g @ 0.3 ms + 0.1 ms 
500-10,000 g @ 0.5 ms + 0.15 ms 
500-4,000 g @ 1 ms + 0.3 ms 
500 & 1,000 g @ 1.5 ms + 0.45 ms 
1,800 g @ 3 ms + 0.6 ms 
50-100 g @ 6 ms + 0.9 ms 
50-200 g @ 7 ms + 1.05 ms 
15-150 g @ 11 ms + 1.65 ms 
PULSE SHAPE—SAWTOOTH 
100 g @6 ms 


Up to 280°C 

—185°C to 300°C 

Lead Fatigue, Tension, Stud Torque, Terminal Torque 
—196°C to 200°C 

0-100 psi at 25 kHz or 40 kHz 

To 12.5 mW/cm2 

10-100 Hz, 5-70g 

20-200 Hz, Power Density 1.3 g2/Hz 


5-2,000 Hz as Limited by 1 Inch DA and 60 Inches/Second Veloc- 
ity. 0-70 g (Standard), 70-100 g (Nonstandard) 
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DIODE PRODUCTS 


TI manufactures one of the broadest lines of discrete axial-lead diodes and multiple-diode arrays available to the electronic 
industry. These product families are divided into the following categories: 


Discrete Diodes 


= 


Switching diodes . . . logic, core driver and high-voltage 
Pico-second diodes . . . fast switching 

Radiation-tolerant diodes 

Tuning diodes... AFC, UHF, VHF 

General purpose diodes .. . 20 V thru 720 V 

Rectifiers .. .50 V thru 1000 V 

7. Voltage regulators . . . 3.3 V thru 33 V, 400 mW thru 1W 


aa » © BN 


Diode Arrays 
1. Dual diodes (TO-18) 
2. Diode arrays (plastic dual-in-line, metal and ceramic flat packages} 


3. Programmable matrices (ceramic dual-in-line and metal flat packages) 
DISCRETE DIODES 


Ti manufactures discrete diodes featuring double-plug construction, which results in a proven, highly reliable product. TI has 
recently completed a program to utilize this package concept on all axial-lead diodes. This double-plug package, proven by 
years of volume production, ensures the best in mechanical integrity and the lowest possible junction temperature when 
compared to the thermal characteristics of whisker packages. The individual piece parts used have closely matched 
coefficients of thermal expansion to ensure superior reliability over extended temperature excursions. This double-plug 
construction affords integral positive contact by means of a thermal-compression bond. Moisture-free stability is achieved 
through hermetic sealing. The chips used in these products feature diffused mesa and planar construction utilizing true glass 
passivation. 


DIODE ARRAYS 


In addition to discrete diodes, TI! also manufactures a very broad spectrum of diode arrays and diode matrices 
in integrated-circuit packages. These arrays feature multiple diode junctions fabricated by a planar process and assembled by a 
hybrid technique. They are ideal for logic and core-driver applications in computer, consumer, and other switching 
applications. Diode arrays offer many of the same advantages as integrated circuits, such as high density packaging and 
improved reliability. The high degree of reliability results from fewer connections, more uniform device parameters, smaller 
size, less weight, fewer glass-to-metal seals, and elimination of pressure contacts and whiskers. Dual-in-line packages facilitate 
use of wire-wrap techniques in the assembly of electronic equipment. To meet this requirement TI offers a broad selection of 
planar silicon diode-array products, both in the popular 14-pin dual-in-line packages and in the 10- or 14-pin flat packages. 


HIGH-REL SPECIAL CAPABILITY 


In addition to the above standard product line, T! also has extensive capabilities to manufacture special discrete diodes such 
as high-reliability diodes. This high-rel capability is based on the philosophy that reliability must be built into a product and 
not tested into it. Consequently, TI established a high-rel manufacturing facility with a Class-100 clean-room atmosphere that 
is virtually particle-free with a manufacturing flow designed to meet or exceed the most stringent specifications. Individual 
piece parts are cleaned and inspected prior to assembly which results in the ultra-high-rel features of these products. 
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DIODE PRODUCT SPECTRUM 


In addition to assembly capability, T! has available extensive environmental and electrical-test facilities for performing 
environmental tests such as temperature cycling, mechanical shock, vibration, centrifuge, radiographic inspection, visual 
inspection, high-temperature reverse blocking, d-c operation, liquid bath for parameter matching, and other environmental 
tests. 

Upon request, Tl will supply customers with quotations for hi-rel diode products. 

DISCRETE DIODE SHIPPING CONTAINERS 


Texas Instruments ships axial-lead diode products using several methods including bulk, bag, and reel packaging. 


¥. Bulk Pack 


Bulk pack is TI's standard method of shipment. Diodes are packed in plastic boxes measuring 3 by 2 1/8 by 1 1/8 inches. 
(See illustration). The quantity of parts per box varies according to the package outline as shown below: 


pO-41 DO-7 Ppt DO-35 DO-34 
Maximum Quantity 250 250 500 500 500 


Up to 10 plastic boxes are packed in cardboard containers for ease of handling. 


18 


A 
3 ia os 8 


BULK-PACK BOX 
ALL DIMENSIONS ARE IN INCHES 


3 


FRONT VIEW 


2. Bag Pack 


Upon request, diodes can be placed in plastic bags. The average quantity is 5,000 per bag. This method is most 
commonly used for clipped-lead diodes and offers maximum economy to the customer. 


tSee package drawing on page 8-14. 
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3. Reel Pack 


Texas Instruments will supply, upon request, reel-packed diodes. These ree! packages meet industry accepted standards 
for component spacing when used with automatic insertion equipment. 


Reel-packed diodes are shipped on standard 14-inch reels with the following quantity per reel: 


‘ pOo-41 DO-7 pet = 00-35 DO-34 
Maximum Quantity 5,000 5,000 8,000 10,000 10,000 


2.758 MAX OVERALL LENGTH 
NOTE 2 


9/16 


NOTES 1 AND 3 


NOTE 11 APPROX 
34 DIA 


IE ren 3164 MAX OFF 
NOTES ALIGNMENT 
NOTES 

Wa 


14 DIA. NOTE 4 
NOTES 


DIODE 
BODY DIA SPACING 


oye 


ALL DIMENSIONS ARE IN INCHES 


REEL PACK OIMENSIONS 


NOTES: Any kink or bend that projects outside of the lead position is less than 3/64 inch radius. 
Overall length-of devices is 1/8 to 1/4 inch shorter than the ‘‘C' dimension of the reel, 
Alt diodes are oriented in one direction. The cathode lead tape is red and the anode lead tape is white. 
Lead tape is 1/4-inch Minnesota Mining and Manufacturing Company # 267 tape or equivalent. 
Reels are disposable metal, chipboard, plastic, or equivalent. 
. Aminimum 36-inch leader tape is provided before the first and after the last diode on the reel, 
50- or GO-lb. kraft paper is wound between layers of diodes. Width of this paper is 1/16 inch to 3/4 inch less than the “C"’ 
dimension of the reel, 
8. Rows of diodes are centered +3/64 inch between tapes. Individual diodes may deviate 1/32 inch from the center of the diode 
row. 
9. No staples or other mechanical devices are used for splicing. Up to four layers of tape may be used in one splice area, No tape Is 
offset from another by more than 1/32 inch. Tape splices overlap at least six inches and are as strong as the unspliced tape. 
10. A maximum of 10 diodes may be missing from any 10-foot section. A maximum of three consecutive diodes may be missing 
provided this gap is followed by six consecutive diodes. 
11, Reels and cartons are marked as follows: 
Tt Part No. 
Purchase Order No. 
Quantity 
Date Code or Codes 
TSee package drawing on page 8-14. 
Fauantities less than 100 are shipped in bulk pack. 
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DIODE SELECTION GUIDES 
These guides are arranged into application families. These families are: 


Switching Diodes . 
Picosecond Diodes 
Radiation-Tolerant Diodes . 
Tuning Diodes . 

General Purpose Diodes 
Rectifiers 

Voltage Regulators . 

Dual Diodes ... 

Diode Arrays. . . 


Diode Matrices 


The tabular entries within these families are not made in the usual manner of increasing type number, which would have 
little inherent utility, but rather are ranked by the most-significant electrical characteristic of that family. Where there 
is more than one diode type having the identical primary characteristic, the types within that group are further ranked 


by a secondary characteristic, and so on. 


This form of organization works most efficiently when the user’s selection criteria coincides with the organizational 


layout but should not present undue difficulties if it does not. 


8-3 
8-3 
8-4 
8-5 
8-12 
8-12 
8-13 


PRODUCT SELECTION GUIDE 


DIODES AND RECTIFIERS 


SWITCHING DIODES 


FORWARD CURRENT 


DEVICE 


% 


*See package drawings on page 8-14. 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


PRODUCT SELECTION GUIDE 
DIODES AND RECTIFIERS 


SWITCHING DIODES (Continued) 


| wc | 0c | 

tee [ipima | vew | aw a 
Ce (SLT AOS Oe Re (OAT PS 
Ts Te SE PC A a 
aaae [1007.0 100 [ 200025 | 2060 | 40 | 40 | poss | 
TT OO 
OST) TR EY A 2 
Ta 
ee 
a 
ee Re A 
re 
a a 
a a 
ae a a 
et ae ooo | 20 eo | eof 
eee A TO Oe CO 
ee A 
a ea OT OA TC 


aE wax ig 
[asc | 150°C 
ree [trim | vem | 
ee 
eX 
RADIATION TOLERANT DIODES 
DEVICE Ver WV) 
Tyee | ipima) | vetvr_| MIN MAX 
a 
es 


See package drawings on page 8-14. 
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TUNING DIODES 


FUNCTION 


AFC 


tvee [| ipima) | vem | ™  [w [om | w | wa 
es DD TO 
Shae ee ee a ie ee fo 
ST CE 
CT SE SS RD RL NT 
a 
7 SS SSE DNA AN RTT ET RT 
eT a a 
wae mo ie ae oe ee oe 
Sea we a ee te ea oor | 
ei ie aa | ee ee el Or 
snassa [100] 0 a0 oss sd or 
nasia [100 0 30s os ts | |S 
Tanase} 100} 10 0 es [soft CO 
r inasze | 100. | 0 ~<[| 40 ‘| 30 | oo | 30 [5 | 007 | 
7 
| 100 | . 7 |. 6 | o5 | 60 | 30 | bo7 | 
00 eo | oom eo |e wo 
00 135 | 0028 [8s | or 
[100 ee ee 
[700] 25 so 
10] Ts so 
ee 
ce 
re 
ee 
ee 
ee 
re ee 
| 30 | oo7 | 
[07 
es 


*See package drawings on page 8-14. 
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GENERAL PURPOSE DIODES (Continued) 


DEVICE FORWARD CURRENT 
TYPE Ve (Vv) 


Ti56 
TIS7 
TIS8 


IN645A 


TIS9 


DEVICE 
TYPE 


“See package drawings on page 8-14. 
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VOLTAGE REGULATORS 


[sever | roeare [get [ zzetr_| 

TYPE (mw) Pv) (mA) | P MAX | 

[inzo2 [400] 26s | 20 | [60 | 00. 
Tanzo2a[ 400 | 26 | Pt | oY 
ayes [00 as 0 0 0 os | or 
Tanzasa [400 —~f aa fs | 1 to | |r 
a 
[an7os | #00 [sas | oft Cd Ct 
[anzosa_—[ 400 [aes fs | Cd CYC 
[inzer | 4003620 of 1 10 | | vor | 
[inzera | 000 [360 | st | dT 
[~anaeo7 [0-360 «| ss | | Ce dT St 
Tinzas [4007 —*P 3920 =~ of Ts CdS 
[inzaaa [007 | 380 «| 8 ft tT dr 
[anasos | «00 [se 20 | 5 [1 os | 2 | 007 | 
[anos [a0 ats fod] CCT 
A 
Tanzag [40 as 0 tod de 
Tinzaga [400i of PC CYST 
[awas00 [007 aso fs CY tO 
[ano [007 [4720 =| to YS «Yt 
A A 
anasto [00a 20s et Cd 
Tan705 [00 ass | op es | Ss CdS 
[-an7osa[a00—=«P sess fs Pts TST 
a A 
[inzer [2005120 | 0 | 34 *| 7 ior 
TS RY ST A DT GETS 
Tanasta [a0 a of ed 
Tin7s2 [400 [60 oP tt Pd tor 
an7eea | a00[ 820 | sf 0 
Tinasi2 [0007p se of | Cd CY SC 
[anos [400 *f 6 2s | wo | —~—~*+'| 36 *+| 07 
[~a7oaa | 2007 [55 28 | 5 | + 368 | 07 
i708 [4007 [85 | 20 | ass | 2 | 007 
Tan0sa [00] es 8 ss | 0 or 
Tan7e2 | 400 [8 40 | | ~—+| 8 | 007 _| 
[anes [400 <2 20 | ont 
TO 
Tawasia | 00 2 20 Ps CC 
n700 [2007 [62 8 | of CCC YO 
Tin7ooa [4007 62s fs dP CCCSC~dS a dt 
anos? | «00 | es tas] 20 | ——~+d as if 007 
inosra| 00] 6815] 10 | 62 0 | 45 [007 _| 
Tanos7e | 20 | es 185 | 6 | 5260 | 458 | vo7 | 
ines [400 [6820 + to | 1 or | 5 *| 007 __| 
in7saa [00 ~iP es 0 =f sf 1 os fs «iY tO 
Tinasia[ 400] 68 20 | 5s | 5 1 | 3 | 007 | 


*See package drawings on page 8-14, 
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VOLTAGE REGULATORS (Continued) 


DEVICE Pp @ 26°C 
TYPE ww) [wT ma | x aa 
[in7io fao0 ies ft to TCC CC dC 
[w7toa | _400 +4 ee | 2 | 5 | | | a7 | bo7 
J_anzo7_ of 40g Ts To ass 0 07 
| _an7ova [goon Ps Ts as Ps Too 
a A OD (se 
|_inasis [aon [zs To Ps Pe Tos [ao 
| _inose [| goo Ts [tes P20 ss 0 
jinessa_ {| 400 Ts | ies | to [67 [7s [ss Tor 
[inasas__[ 400. | 75 | 165 | 5 | s7 | 7 | 85 | v07 
[in7s5 | 400 +| 75 | 20 | 10 | 1 | 01 | 6 | 007] 
[in7ssa | 400—*f 75 [20 | 5 | 1 | o1 | 6 | bo7 
AND = 21 | at ee ee | es | or 
EE OS 
[iwasig [400~«| a2 | 0 | 8 | 7 | om | 5 | 007 
|_inoso | 400 Te os 07 
Panosoa | 400. +| a2 | 15 | 10 | 62 | 0 | 6s | vo7 
| inosop | goo Te ts Ps 62 so sO 
[ines [400 | 82 [20 | 1 | 1 | 01 | 8 | 07 
[~iw7sea_[ 400 | 82 | 20 | 5 | 1 | o1 [8 | oo7 | 
[iw7i2 | 400i a2 | _2 | wo | || + | 007] 
SEF TR TC <a ON RA TO (NE 
| inves [400s to toe 0 
|issi7 [goo tot to soos e007 
a SN CR (Nr eA De 
pin7iza [400 a 0 
[~iwae0 [400 *f 91 | | a0 | |_| 758 | 007 
}_ineeoa [| 400 ft Ta to og ass 07 
[~inseos [400 ~—*Y~Sat | a | 5s | 69 | 2% | 758 [007 _ 
a 
Paw7s7a_[a00—«[ et fo fs [1 [oi | 10 [v0.7 
Pinasig [400 ~—S«dY Sto | to | 8 | 8 [ooo | 7 | vor _] 
ie A = 
[an7taa_[ 400 10 | a2 | 58 | | | 8 | bor 
[ino [400 *| 10 | i25 | 20 | |_| @5~_| vo7 
Pingsra | 400—~«| 0 ~| 25 | 10 | 76 | 10 | a8 | 007 
[inoes [400 *| 10 | ia5 | 5 | 76 | 0 | es | pov 
p_wn7es | 400 | to oto 00-7 
L_in7ssa [40g To P20 oa 00-7 
[inves [400 | wos | 5 | | | +s —=*dYSC 
[iwasig [400+ 1_| 0] a a 
a arares Ween aac va) 
|_inge2a 400 ta Ps | os | os Ts 07 
EC | 84 | 5 | 95  [ oo7 | 
Tr io er ee ee Gare 
[in7isa | 400 <i tf eS See eee Heel 
[~anas20 [400 | 12 _[ 10 [io [oor [0 | 00.7] 
|_inges [| 400205 | es ee 
[inoesa [400 | 12 | 105 es 


*See package drawings on page 8-14, 


TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


PRODUCT SELECTION GUIDE 
DIODES AND RECTIFIERS 


VOLTAGE REGULATORS (Continued) 


[226i _] 

TYPE mm [| ima wm pmax | 
a 
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Tinga | 400 | 12] 2 [0 | 1 | or | 90 [007 
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Te ae A TT a 
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[wre [400 _| 15 [12 | 10 | 
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*See package drawings on page 8-14. 
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VOLTAGE REGULATORS (Continued) 


1N726 
1N726A 


1N5226A 
1N5226B 
1N5227 

1N5227A 
1N5227B 


1N52288 


1N5229B 


*See package drawings on page 8-14. 
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DEVICE Pp @ 25°C 
TYPE (mw) 
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*See package drawings on page 8-14, 
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VOLTAGE REGULATORS (Continued) 


DEVICE Pp @ 25°C 
TYPE (mw) 
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*See package drawings on page 8-14. 


a 


TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 + DALLAS. TEXAS 75222 


PRODUCT SELECTION GUIDE 
DIODES AND RECTIFIERS 


VOLTAGE REGULATORS (Continued) 


TvPE a Cw 
2 a A NR CC 
ee 7) Oa I DTTC 
eel NG Gna ed USA] DT Ma >TO 
MT a SY COT YG REG TT 
Se oe eee a ee to eo 
Mais Lae | ee er) oe | a te oan 
TaN eo em ee Sen cea 
aN | be es ep ee ea 
ET A a CR TT EC 
ee ee ea st | te et ee Boat 
Se ee er es ee oa 
was | ee | a ee | 
S517 a Ge RTC SEN RD, rl 
Me oe ee I oe a 
(S70 (WE DN MS SC 
Mai ie ae ee) oe | at 
inert | 100 ts te ee |e Leon 
ESTE A SSE NE CC) a OL 
anata {100 ne ta st | so 
Te a Tad A GT) OT 
Mia eo cs ee ee oe ow 
a a YO > 
nak [to ie | ae es Le | an 
snares [1000 te ee] oe | 8 | te Toms 
anata [oo pe ees ee | 8 boas 
ranaae S iew  ie | oe e |  oa 
Naas [ oo a | ie fe rr oa | 
waver [1000 | 202s | to [2 | 8 | [oa 
—anaiara [1000 oes | fee | es |e om 
inaras [100 ae fs fo [ter fs | Tom 
ra a SA TS TC 
—awavag —[ 1000 | ae [os | to [192 | 6 | 8 boar 
a a 7 YS” 
[70 [ 206 | [—35___| boar _| 

[5 [206 | 35] 

70 [28 | 40 | 
[s [ae | aor 
ee eX [as] p01 _ 
ee a [as | 0041 | 


*See package drawings on page 8-14, 
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DUAL DIODES 


FORWARD CURRENT 
CIRCUIT 


eB 
TID17 COMMON CATHODE | 500 | 
TID18 COMMON CATHODE [ 500 | 


DEVICE 
TYPE 


TID19 COMMON ANODE 
TiD20 COMMON ANODE 


TYPE [te ima) | vv) | 
[Tio1s0N | 7INDEPENDENT DIODES | _soo__| 13 | 60 | 40 | 01] tateoan | 
[TID140N_| 7 INDEPENDENT DIODES | 100] 13] 0] 20} 008 | “14 Ceea N] 
[tioraiw_[ Duat 40100 common caTHoDe | —s00__| 13 | 60 | 40 [01 | 14 tesa n | 
[tio142n_| "DUAL &DIODE coMMON CATHODE | 100] 1.3] 40 20] 008 | “14 Leoa | 
[“Tio14an_| DUAL ¢DIODE commON ANODE | 600] 1.3] 60] 40] 0.1] 14 Lead 
[Tip144N_| DUAL DIODE COMMON ANODE | 100} 1.8] 0] 20] 0.08 | “14 Les N—] 
[“Tio121 | @dioDe common caTHODE | 500] 1.3 60] a0] 0.1] 14 beet N77] 
[Ti122 | eIODE Common caTHODE | 500] 1.5] 40 | 25] 01] 14 Leet N—| 
[ri0123 | @D10De common aNoDE | 500] 13] 60 | 40] 01] 14 Leen 
[Tt0124 | eDIODE COMMON ANODE | 500] 1.5] 40] 25] 01] t#1eoan 
[10133 | DUAL 8DIODE (C6. ena) | 500 | 13 | 60 | 40] 01] tates) 
[Tio134 | DUAL SDIODE (Cc. nda) | 600] 1.5] 0] 25 | 0.1] “14 Cena 
[i125 | 1e-DI0De (cc. ngca) | __s00_| 13 | 60 | 40] 01] 14 teed N 
[T1126 [16 D100 (c.c. anac.ay | 800 | 1.5] a0] 25] 0.1] ta tes 
[ TIo1g5N | WDIODE (C.C. and ca) | 500 | 18] 60] 40] 01] 14 Leet NJ 
[Tior3en | 16 0100E (c.c. naa) | 100| 1.3 | 40 | 20] 005 | 14 Lesa nN 
[i129 | DUAL 10-DI0DE (cc.and CAT | _600__[ 13] 60] 40] 04 | 14 tes] 
[riorg0 | OvAL TO-DIODE (cc. enac.ay | 800_| 15 | #0 | 35 [01 | tateean—| 


Saas van [eva e Fe Tv scxaae | 
TYPE Pie twad [ve | wi 
TINDEPENDENT DIODES [500 [+3 | 60 | a0] 01 | tated 
[tioraor | 7iNDEPENDENT DIODES | 100 | 13 | 40 | 20 | 0.08 | 1a tear —] 
| “rio141F | DUAL 40100 COMMON CATHODE | 500 | 1.3| 60] a0] 01] 10 teed F 
[ti0142F | DUAL ¢DIODE COMMON caTHODE | 100 [13 | 40 | 20 | 0.05 | 10 Lead F 
[“rior43F_| DUAL 4D100E COMMON ANODE | 500} 1.8 | 60 | a0 | 0.1 | 10 teed F~] 
[tioraaF [DUAL 4 DIODE COMMON ANODE | 100 | 13 | 40] 20] 0.05 | 10 Lesa F 
[_Tio2ta | @ni00e common caTHoDE | soo] 13 | 60 | #0 | oa | 10 tear] 
[Tioz2a | 8D10DE COMMON CATHODE | s00_| 15 [40] 25] 01] 10 Lena F 
[“T1023a__|"@D100e common ANODE___| 800] 18 | 60] ao] 01 | 10 ceed F 
[Tiozaa__[ @D100e common ANODE | 800 | 1.5 | 40 | 25] 01 | 10 Lest F 
[“ripist__| DvAL 8 DIODE (cc. end A)__| 500 | 13] 60 | 40] 01] 14 tesa 
DUAL 8-DIODE (C.C. and C.A.) 500 | 40 | 25 [ 01 | 14teadF | 
Bs RTC AO PT 
[Ti26a | teDI0DE (Cc. endc.ay | 500] 18 | 40] 28 | 01] 10 Lesa F] 
[T1029 | DUAL 10DI0DE (C.c. and A) | 800 | 13] 60] 40] 01] 14 tesa 
[“tiosoa | DUAL 10-DI0DE (Cc. nda) | 800] 15 | «0 | 25] 0.1 | 14 Lead F 


*See package drawings on page 8-14. 
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DIODE ARRAYS 


CERAMIC FLAT PACKAGE, 1/4” X 1/4” 


TYPE 
[_1N5770_| &DIODECOMMON ANODE | __500_| 
[1ns771_| 8010DE COMMON ANODE |_—500__ 
[1ns774__| DUAL@-DIODEIC.c.anac.ay | 600 | 
[ins775_| DUALSDIODE (CC endca) | 500_| 
[_1Ns772_| 16-DIODE(C.C.endc.ay |__— 800 
[1ws773__| 16DIODE(C.C.endca) | 500 


10 Lead 


[40 
[25 [ o1 | 1Otead 
| 40 


10 Lead 


MATRIX we a Var [tae vae2e T scence: | 
tyee__| size 1010-1mA_[ tp tmal | Ve) | tv) 
Vries [sxs | 0 ~~ ~(| 20 =| +5 [45 [5 | 002 | tateads | 
ripmasss [sxe | 2s To] «| s | s || tatend 
rripwiess [exe [10 «| 0] ts | as a8 | 02 | tated | 
rripmaeas [exe [2 ~+| 20 | 17 | 35 [2 | 005 | t4teads | 
times | exe [10 | 2 | 415 [45 [ 25 | 002 | r4teads | 
rriomasss | exe | 2 | 20 ~+| 17 | 25 | 2 {005 | tatesds | 
rriomisss | axe | 10 | 2 | 15 | 4s [25 [ oo2 | iatesd) | 
axs [2 | 2 | 17 | 35 | 25 | 005 | tateads | 
rtiomies {sxe | 10 ~+| 2 | 15 | 45 | 25 [002 | t4teads | 
rriomzaas [exe | 2 | 2 | +7 | 35 | 2 | 005 | t4tesds | 
Ttiomissr [sxe [| 10 | 20 | 18 [as [25 [002 | iateak | 
Tripwaser [exe] 280 | 8 | 008 ta tesa 
Ttiomieer | exe [| to | 20 ~+| 15 [45 [| 25 | 002 | t4teadF | 
Tiomacer [exe | 28 ~+4| 0 | +7 | 35 | 25 [005 | tater | 
Triomiesr | exe | 10 | 20 | 15 [45 [26 [ o0z | tdteadF | 
tomar [exe | 28d] 0d] | 5 | 8 | 008 | tata 
rriomrase | exe] 10 *« 20d] ts as sf 0.02 | ra tees | 
Triomassr | exs | 2 | 20 | 17 | 35 | 25 | 00s | iatesdé 
rripmigee| exe | 10 ~~ ~| 20 ~+| +15 | 45 [25 | o02 | tateadF | 
Ctiomaeer [axe | 2s | 2 | 17 | 35 [25 [005 | t4tecaF | 
*See package drawings on page 8-14. 
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PACKAGE DRAWINGS 
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DOUBLE-PLUG DIODES 
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1/4” X 1/8" METAL FLAT PACKAGES 1/4” X 1/4" CERAMIC FLAT PACKAGES 
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Toe TO-116 DUAL-IN-LINE PACKAGES 
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DIODE INTERCHANGEABILITY 


This list of low-power (generally two watts or less power dissipation in free-air) diodes is designed to assist the design engineer 
in determining the recommended TI replacement or equivalent for over 5700 diodes when only the device type number is 
known, Also included is a summary of the significant ratings and electrical characteristics of the referenced types. This 
interchangeability guide differs from the corresponding transistor lists in this volume in that only JEDEC registered (‘‘1N’’) 
types are covered. 


In compiling this list, all registered diodes were considered regardless of the semiconductor material used, the diode function, 
package type, or rated power dissipation. The result was massive. In order to keep the list within manageable size, it was 
severely edited down by deleting most of the entries for high-power diodes and specialized diodes not having wide-spread 
application. 


Germanium diodes were retained in the list but it should be remembered that all recommended replacements for referenced 
germanium diodes are silicon diodes and that the replacement suggestions are based on specifications only. 


Every effort has been made to ensure the accuracy of each entry. However, Ti makes no warranty as to the information 
furnished and the user assumes all risk in the use thereof. 


KEY TO CLASSIFICATION CODES 


RE — RECTIFIER 

RD ~ REFERENCE DIODE 

SD ~ SIGNAL DIODE 

ZD — REGULATOR (ZENER) DIODE 


DIODE INTERCHANGEABILITY 
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1N294 
1N294A 
1N295 
1N295A 


1N295S 
1N295X 
1N296 
1N297 


1N297A 


1N298 
1N298A 
1N299 


TN3OTA 
IN301B 
1N302 

1N302A 


1N3028 
1N303 

1N303A 
1N303B8 
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1N4148 
1N4938 
1N4938 
1N4448 


1N4148 
1N4148 
1N4148 
1N4148 


1N4148 
1N4148 
1N4148 
1N4305 


1N4148 
1N4607 
1N4607 
1N4938 


1N4607 
1N4148 
1N4148 
1N4448 


RATINGS CHARACTERISTICS 
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1N432A 
1N432B 
1N433 

1N433A 


1N4938 
1N4938 
1N4938 
1N4938 


1N4148 
1N4002 
1N4002 
1N4003 


7M/100 
2M/150 
7M/150 
2M/150 
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5.9/5 
7.15/.2 
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25N/125 


25N/125 
25N/125 
25N/175 
25N/175 


25N/175 
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10/75 
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DIODE INTERCHANGEABILITY 
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SD] 1N483A 
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SD) 
SD}1N484 


1N483B 
1N483B 


1N485B 
1N645 


25N/30 
5N/30 
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25N/60 


25N/60 

25N/60 
5N/60 
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: 20/1K 
1N4938 200/200 
1N4938 150/100 


25/300 

1/300 
25/400 
1,5/400 
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IN609 
1IN609A 
1N610 
IN610A 


1N611 
IN6TIA 
1N612 
1N612A 


1N613 
1N613A 
1N614 
1N614A 


1N619 
1N622 
1N625 
1N625A 


1N625M 
1N626 

1N626A 
1N626M 


1N627 
1N627A 
1N628 
1N628A 


1N629 
1N629A 
1N631 
1N632 


CLASSIFICATION 


DIODE INTERCHANGEABILITY 


CHARACTERISTICS 


1.5/200 
1,5/400 


1N4148 08/10 

1N4938 -16/150 
1/20 
-1/20 


35/30 
175/150 
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50N/225 
25N/225 
25N/250 


-2/600 
50N/40 


SD) 30N/50 
SD] 1N659 5/50 
SD) 30N/50 
SD] 1N660 5/100 


1N756A 
IN759A 
IN965B 
1N967B 


IN969B 
1N971B 
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DIODE INTERCHANGEABILITY 


pee ee 


9/7.5 
11.7/7.5 
1.7/7.5 
11.7/7.5 


SESE SEES 


11.7/7.5 
11.7/7.5 
VWV.7/7.5 
11.7/7.5 


55 


11.7/7.5 
11,7/7.5 
11.7/7.5 
11.7/7.5 


eee ae 
8566 


ak EXAS. INSTRUMENTS 9.27 


NCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


9-28 


DIODE INTERCHANGEABILITY 


TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


11.7/7.5 
11.7/7.5 
11.7/7.5 
11.7/7.5 


11.7/7.5 
11.7/7.5 
1.7/7.5 


DIODE INTERCHANGEABILITY 


TEXAS INSTRUMENTS 9-29 


INCORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


9-30 TEXAS INSTRUMENTS 
INCORPORATED 


POST OFFICE BOX $012 * DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


TEXAS, INSTRU MENTS 9:31 


NCORPORATE 
POST OFFICE BOX 5012 ¢ DALLAS. TEXAS 75222 


9-32 


DIODE INTERCHANGEABILITY 


is 


ms a 
ua 


1.5 


TEXAS INSTRUMENTS 


NCORPORATEOD 
POST OFFICE BOX 8012 + DALLAS, TEXAS 75222 


TN1088A 
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IN1090A 
1N1091 
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1N1100 
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1N1102 
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TN1104 
IN1105 
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1N1115 
1N1116 
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1N1120 
IN1124 
TN1124A 
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IN1125A 
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2M/24K 
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DIODE INTERCHANGEABILITY 
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TEXAS INSTRUMENTS 9-73 
INCORPORATED 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 
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TEXAS INSTRUM ENTS 


NCORPORATED 
POST OFFICE BOX S012 +¢ DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


110/2.3 
110/2.3 
110/2.3 
120/2 


TEXAS INSTRU MENTS 9-75 


INCORPORATE 
POST OFFICE BOX 5012 « DALLAS. TEXAS 75222 


9-76 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE SOX 5012 ¢ DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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TEXAS, INSTRUMENTS 9-77 


NCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


CHARACTERISTICS 
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9-78 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


2.25/10 
8.8/10 
8.8/10 
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TEXAS. INSTRUMENTS 9-79 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


250/100 
250/200 
250/400 
250/600 


| 9-80 TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 © DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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100 


TEXAS INSTRUMENTS 9-81 | 


NCORPORATED 
POST OFFICE BOX 5022 * DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


9.82 TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 8012 « DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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TEXAS, INSTRUMENTS 9-83 


NCORPORATED i 
POST OFFICE pes 5012 © DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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9-84 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


6.2/7.5 
6.2/7.5 
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TEXAS INSTRUMENTS 9.85 | 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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1N4007 
1N4448 
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TEXAS INSTRUM ENTS 


CORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


11.7/7.5 


11.7/7.5 
11.7/7.5 
11.7/7.5 
1.7/7.5 


DIODE INTERCHANGEABILITY 
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11.7/7.5 
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TEXAS INSTRUMENTS 9.87 


INCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 
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9-88 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS. TEXAS 75222 
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DIODE INTERCHANGEABILITY 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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TEXAS, INSTRUMENTS 9.91 | 


NCORPORATED 
POST OFFICE BOX 8012 « DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


1N4305 
1N4305 


1N4148 


9.92 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 *« DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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TEXAS INSTRUMENTS 9-93 


INCORPORATED 
POST OFFICE BOX $012 » DALLAS, TEXAS 75222 
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DIODE INTERCHANGEABILITY 
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TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 « OCALLAS, TEXAS 75222 
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120/3.1 


120/3.1 
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DIODE INTERCHANGEABILITY 
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TEXAS. INSTRUMENTS 9.95 


NCORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


TEXAS INSTRUMENTS 


9-96 INCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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TEXAS INSTRUMENTS 9.97 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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9-98 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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TEXAS, INSTRUMENTS 9-99 


NCORPORATE 
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


CHARACTERISTICS 


TEXAS, INSTRUMENTS 9-101 


NCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 78222 


DIODE INTERCHANGEABILITY 


110/2.3 
120/2 
120/2 


120/2 


9.102 TEXAS INSTRUMENTS 
INCORPORATED 


DIODE INTERCHANGEABILITY 


TEXAS, INSTRUMENTS 9-103 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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1N4741 
1N4741 


IN4741A 
1N4742 
1N4742 
1N4742A 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE 8OX 5012 *« DALLAS, TEXAS 75222 


33/7.5 


DIODE INTERCHANGEABILITY 


100/2.5 
100/2.5 
110/2.3 
110/2.3 


TEXAS INSTRUMENTS 9-105 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


110/2.3 
120/2 
120/2 
120/2 


1.3/500 
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1/200 
1.5/750 


9-106 T EXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


TEXAS, INSTRUMENTS 9-107 


NCORPORATED 
POST OFFICE BOX 5012 +» DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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9-108 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX $012 e¢ DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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TEXAS, INSTRUMENTS 9-11 


NCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


CHARACTERISTICS 
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9-110 TEXAS INSTRUM ENTS 


RPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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6.2/7.5 


TEXAS. INSTRUMENTS 9-111 


NCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


9-112 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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TEXAS, INSTRUM ENTS 9-113 


NCORPORAT 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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9-114 TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


TEXAS INSTRUMENTS 9-115 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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9-116 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 
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TEXAS INSTRUMENTS 9-117 


INCORPORATED 
POST OFFICE BOX 5012 * DALLAS. TEXAS 75222 


DIODE INTERCHANGEABILITY 


9-118 TEXAS INSTRUMENTS 
INCORPORATED 
POST OFRICE BOX 5012 ¢ DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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TEXAS INSTRUMENTS 9-119 


INCORPORATE 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


TEXAS INSTRUMENTS 


0 INCORPORATED 
POST OFFICE BOX S012 ¢ DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


24/11 

27/9.3 
27/9.3 
27/9.3 


30/8.3 
30/8.3 
30/8.3 
33/7.5 


43/5.8 
43/5.8 
43/5.8 
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TEXAS INSTRUMENTS 9-121 


INCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 e« DALLAS, TEXAS 75222 


1 10/2.3 


110/2.3 
120/1.2 
320/1.2 
120/1.2 


DIODE INTERCHANGEABILITY 


6.35/7.5 
6.35/7.5 
6.35/75 
6.35/7.5 


6.35/7.5 
6.35/7.5 
6.35/7.5 
6.35/7.5 


6.35/7.5 
6.35/7.5 
6.35/7.5 
6.35/7.5 


TEXAS INSTRUMENTS 9-123 
INCORPORATED 
POST OFFICE BOX 5012 « DALLAS. TEXAS 75222 
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DIODE INTERCHANGEABILITY 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


12.8/7.5 


12.8/7.5 
12.8/7.5 
12.8/7.5 
12.8/7.5 


DIODE INTERCHANGEABILITY 


19.2/7.5 
19.2/7.5 
19.2/7.5 
19.2/7.5 


19.2/7.5 
19.2/7.5 


TEXAS INSTRUMENTS 9-125 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


9-126 TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE @OX 5012 ¢ DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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TEXAS INSTRUMENTS 9-127 
INCORPORATED 
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9-128 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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TEXAS INSTRUMENTS 9-129 


INCORPORATED t 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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132 TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 
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TEXAS INSTRUMENTS 9-129 


INCORPORATE 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


CHARACTERISTICS 


9-130 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX $012 » DALLAS. TEXAS 75222 


DIODE INTERCHANGEABILITY 


110/1.1 
130/1,1 
110/1.1 
120/1 


TEXAS INSTRUMENTS 9-13 


NCORPORAT 
POST OFFICE BOX 8012 © DALLAS, TEXAS 75222 


132 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXAS 78222 


DIODE INTERCHANGEABILITY 


TEXAS, INSTRUMENTS 9-133 


NCORPORATED 
POST OFFICE BOX $012 ¢ DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


)-134 


DIODE INTERCHANGEABILITY 


TEXAS, INSTRUMENTS 9-135 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


0-136 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 
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DIODE INTERCHANGEABILITY 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


9-137 


DIODE INTERCHANGEABILITY 


9-138 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 6012 « DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


TEXAS INSTRUMENTS 9-136 


NCORPORATED 
POST OFFICE SOX $012 » DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


9-140 


TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 » DALLAS. TEXAS 75222 


110/2.3 


110/2.3 
110/2.3 
120/2 
120/2 


120/2 

130/1.9 
130/1.9 
130/1.9 


DIODE INTERCHANGEABILITY 


25N/175 
50N/50 
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2.5/200 


TEXAS INSTRUMENTS 9-141, 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS. TEXAS 75222 


DIODE INTERCHANGEABILITY 


9-142 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 »« DALLAS, TEXAS 75222 


DIODE INTERCHANGEABILITY 


TEXAS INSTRUMENTS 9-144 


INCORPORATED 
POST OFFICE BOX $012 « DALLAS, TEXAS 75222 


9-144 


TEXAS, IN STRUMENTS 


RPORATED 
POST OFFICE BOX S012 + DALLAS, TEXAS 75222 


~ Diode 
Data Sheets 


TYPE 1N251 
SILICON SWITCHING DIODE 


BULLETIN NO. DL-S 739094, SEPTEMBER 1966—REVISED MARCH 1973 


MEDIUM-SPEED SWITCHING DIODE 


e Rugged Double-Plug Construction 
mechanical data 


Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


CATHODE END !S DENOTED BY COLOR BAND 


Si fae 


(ZZZZZZ2 PULLED 
SSS) eS ST | 


a WLZZZZLLLIL LEE 
0.220 MAK: 
1.0 IN 


REGISTERED BODY DiMENSIONS* 
NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD [5 UNCONTROLLED 


LENGTH 0.300 MAX. 
DIAMETER 0.105 MAX. 


*absolute maximum ratings 


Vamwtg) Working Peak Reverse Voltage at 125°C Free-Air Temperature. . . . . . . . . 30V 
lo Average Rectified Forward Current at (or below) 25°C Free-Air 

Temperature (See Notes 1 and2). . . . ...... ~ . + F5mA 
ly Average Rectified Forward Current at 125°C Free-Air 

Temperature (See Notes 1 and 3) . paces Ih Bre cs 30 mA 
Ira{surgey) Peak Surge Current, One Second, at 125°C Free-Air Temperature 

(See Note 4)... . 2... ee aye dak 125 mA 
P Continuous Power Dissipation at (or below) 25°C Free-Air 

Temperature (See Note 5) 2. .- 2 2 2/1 ew ee we ee ee wee T5OmW 
Tajopr} Operating Free-Air Temperature Range. . . . . 1. «ew wes 55°C to 150°C 
Titg Storage Temperature Range . . . . . - - 1 ee ee ee ee 55SEC to 150°C 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 
Vien; Reverse Breakdown Voltage 


*l Static Reverse Current 


PARAMETER 


256-JAN, Ir = 5 mA, Vp = 10 V, 
ter Reverse Recovery Time R= 1 kO, G = 10 pF, 
te = 0.5 mA 


NOTES: 1. These values may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. 
2. Derate linearly to 30 mA at 125°C free-air temperature. 
3, Derate linearly to 0 at 150°C free-cir temperature. 
4, These values apply for a ane-second square-wave pulse with the device at nonopersting thermal equilibrium immediately prior te the surge. 
5. Derate linearly to 150°C free-alr temperature at the rate of 1.2 mW/°C. 


* Indicates JEDEC registered data 


373 PRINTED IN U.S.A, 
TEXAS INSTRUMENTS 10-1 
INCORPORATED 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


(N ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 1N456 THRU 1N459, 1N461 THRU 1N464, 
1N482 THRU 1N485, AND SUFFIX VERSIONS 
SILICON GENERAL PURPOSE DIODES 


BULLETIN NO. DL-S 7111508, SEPTEMBER 1971 


VRM(wkg) - - - 25 to 185 Volts 


e Rugged Double-Plug Construction 


e Low Reverse Current 


description and mechanical data 


The glass-passivated silicon chip combines extremely low reverse current with a high degree of stability. True glass 
passivation and the absence of an organic coating ensure protection of the junction from contaminants and moisture. 


Double-piug construction affords integral positive contacts by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. Gold-plated 
leads are available on request. 


FALLS WITHIN JEDEC DO-7 DIMENSIONS 
CATHODE END IS DENOTED BY A CONTRASTING COLOR BAND 


0.265 


0.020 + 0.002 DIA 
2 LEADS 


SEE NOTE 


1.0 MIN 


DIMENSIONS ARE IN INCHES 
NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD IS UNCONTROLLED 


REGISTERED BODY DIMENSIONS” 
1N482. THRU 1N485 
1N456 THRU 1N459 1N456A THRU 1N459A 1N482A THRU 1N485A 
1N461 THRU 1N464 1N461A THRU 1N464A 1N482B THRU 1N485B 
LENGTH 0.265 MAX 0.265 MAX 0.300 MAX 
DIAMETER 0.105 MAX 0.140 MAX 0.105 MAX 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


10-2 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPES 1N456 THRU 1N459, 1N461 THRU 1N464, 
1N482 THRU 1N485, AND SUFFIX VERSIONS 
SILICON GENERAL PURPOSE DIODES 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


'EM(surge) P Tstg 


Conti 
Peak Surge Current ntlauous Power Storage 


Temperature 
Range 


Continuous Power 
Dissipation 
(See Note 5) 


Forward Current Peak Surge Current 
@Ta< 2c (See Note 7) 
{See Notes 1 and 2} 


z 
° 
4 
m 
2 
= 


« These values may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. | 
For operation above 25°C free-air temperature refer to Forward Current Derating Curve Figure 1. 
3. These values apply for a one-second square-wave pulse with the device at nonoperating thermal equilibrium immediately prior to 10 
the surge. 
4. These values apply for 2-yis pulses, duty cycle < 1%, with the device at nonoperating thermal equilibrium immediately prior to the 
surge. 
5. For operation above 25°C free-air temperature refer to Dissipation Derating Curve Figure 2. 
These values apply for a 4-ms square-wave pulse, duty cycle < 25%. 
7. These values apply for a 1/10-second square-wave pulse with the device at nonoperating thermal! equilibrium immediately prior to 
the surge. 
*JEDEC registered data 
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TEXAS INSTRUMENTS 10-3 


INCORPORATED 
POST OFFICE BOX S012 ¢ DALLAS, TEXAS 75222 


TYPES 1N456 THRU 1N459, 1N461 THRU 1N464, 
1N482 THRU 1N485, AND SUFFIX VERSIONS 
SILICON GENERAL PURPOSE DIODES 


“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


CHARACTERISTICS 


Ip Ve 
TEST VOLTAGE AND CURRENT 


PARAMETER Static Forward 


Static Reverse Current 
Voltage 


TEST CONDITIONS | !R = 100 uA Ta = 25°C Ta = 150°C 
1IN456 30V 
IN456A 
1N457 
70V 
1N457A 
25 nA 
1N458 150 
IN458A 
1N459 
2 
1N461 
Vv 
IN 
Nan 
500 nA 
1N463 200 V 
1N463A 
1N464 
1 


1N482 
1N482A 
1N482B 
1N483 
1IN483A 
1N483B 
1N484 
1N484A 
1N484B 
1N485 
1N485A 
1N485B 


'¢ 
FOR TESTING | FOR TESTING 


< 
2 


-—_» 


> 


8 

— 

Bl zg o 
< 
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Normalized Current Rating—% 


Maximum Continuous Power Dissipation—mW 


TYPES 1N456 THRU 1N459, 1N461 THRU 1N464, 
1N482 THRU 1N485, AND SUFFIX VERSIONS 
SILICON GENERAL PURPOSE DIODES 


THERMAL INFORMATION 


FORWARD CURRENT DERATING CURVE 


0 25 50 75 100 125 150 175 200 
Ta—Free-Air Temperature—"C 
FIGURE 1 


DISSIPATION DERATING CURVE 


NY] IN456A THRU 1N459A 

b 1N461A THRU 1N464A 
7N482, A, B THRU 
1N485, A, B 


ea 
1N456 THRU 1N459 
1N461 THRU 1N464 PSR 


oO 25 50 75 100 125 150 175 200 


Ta—Free-Air Temperature~°C 
FIGURE 2 


TEXAS, INSTRUM ENTS 


INCORPORATE 


(IW ORDER TO EMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TEXAS 75222 


10-5 


TYPES 1N625 THRU 1N629 
SILICON SWITCHING DIODES 


BULLETIN NO. DL-S 739121, SEPTEMBER 1966—REVISED MARCH 1973 


MEDIUM-SPEED SWITCHING DIODES 
@ Rugged Double-Plug Construction 


mechanical data 


Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


CATHODE END !S DENOTED BY COLOR BAND 


DUAENSIONS ARE IN INCHES 
MOTE: WITHIN THESE ZONES DIAMETER OF SACH LEAD 16 UNCONTROLLED 


*Vemiwko} Working Peak Reverse Voltage 


1N625 |1N626 | 1N627 | {_UNIT _| 
ce aaa ft 
*lo (or below) 25°C Free-Air Temperature 
(See Notes 1 and 2) 
fe eee [a 
° Free-Air Temperature (See Notes 1 and 3} 
lrmteurge) Peak Surge Current, One Second (See Note 4) 


* Continuous Power Dissipation ot (or below) 
25°C Free-Air Temperature (See Note 5) 


"Tajeor} _ Operating Free-Air Temperature Range —80 to 150 
—80 to 200 


Titg Storage Temperature Range 


PARAMETER 


TEST CONDITIONS 
ran MA Ma can MAK RUN MAX AINA 
Viaxy Reverse Breakdown Voltoge | Ik = 100A | | ¥ 


eso [ion fist [m0 | 
a Se a ER RAT 
a ee 
ae 


PARAMETER TEST CONDITIONS 


256-IAN, Iz = 30 mA, 
fre Reverse Recovery Time | Va = 35 V, R = 25 kQ, CG = 20 pF, 
Recovery to 400k. 


WOTES: 1. These values may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load, 
2. Dorate linearly to 5 mA at 100°C free-air temperature. 
3. Derate linearly to 0 at 150°C free-air temperature. 
4. This value opplies for a one-second squore-wove pulse with the device at nonoperating thermal equitibrium immediately prior to the surge. 
5. Derate linearly to 150°C free-air temperature at the rate of 1.6 mW/°C. 


*indicates JEDEC registered data 
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TYPE 1N643 
SILICON SWITCHING DIODE 


BULLETIN NO. DL-S 739459, NOVEMBER 1966—REVISED MARCH 1973 


MEDIUM-SPEED SWITCHING DIODE 
e Rugged Double-Plug Construction 
mechanical data 


Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


CATHODE END IS DENOTED BY COLOR BAND 


0.220 
0.005 MAX sa i O180 | 


POPLLILL LL LLLLLAL 
U d 


= | om 
CLTZILILLTL Lh aa 
0.220 MAK 
10 


REGISTERED BODY DIMENSIONS* OMMENSIONS ARE IN INCHES 
LENGTH 0.265 MAX NOTE, WITHIN THESE ZONES DIAMETER OF EACH LEAD IS UNCONTROLLED 


DIAMETER 0.140 MAX 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
*Vamiwko) Working Peak Reverse Voltage . . 2. 6 1 6 ee ee ee ee we eee WEY 
wkg) 


*lo Average Rectified Forward Current at (or below) 25°C Free-Air Temperature (See Note 1) 40 mA 
*lemisurgey Peak Surge Current, One Second (See Note 2) . . 2. 6 1 ee ee ee ee OA 
*lemtsurgey Peak Surge Current, 0.3 Second (See Note 2) . . 2 6. 1 ee ee ee 1A 
*lempuise) Peak Pulse Current (See Note 3). 2 6 6 6 ee ee ee ee ee ee ee ODA 

P Continuous Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . 250 mW 


*T atop) Operating Free-Air Temperature Range 2. ww ee ee ee 65°C to 150°C 


*Tstq Storage Temperature Range . . «1 1 we ee eee we ee O5°C to 150°C 
electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
PARAMETER TEST CONDITIONS MIN MAX UNIT 
Vier; Reverse Breakdown Voltage Ip = 100 pA 200 v 
Ve = 0V 0.025 pA 
: Ve = 100 V 1 pA 
*| Static Reverse Current Fi 
. nen Ve = 10V, Ts, = 100°C 5 uA 
Ve, = 100V, T, = 100°C 15 pA 
*Ve Static Forward Voltage Ip = 10 mA 1 v 


*switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN MAX UNIT 
. 256-JAN, Ip = 5 mA, Vp = 40-V, 
tre Reverse Recovery Time RL = 2.3kO, G = 40 pF, 0.3 ps 
Recovery to 200 kQ, See Note 5 


NOTES: 1. These values may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. Derate linearly to 0 at 150°C free-air temperature. 
These values apply for the specified square-wave pulse with the device at nonoperating thermal equilibtium immediotely prior to the surge. 

This value applies for t,, <1 us, duty cycle < 1%. 

Derate linearly to 150°C free-air temperature at the rate of 2 mW/ °C. 

Reverse recovery time is measured using a forward current pulse of 1-4s duration, PRR < 100 kHz. The waveform is monitored on an oscilloscope with a bandwidth 
of 30 MHz minimum, 


2. 
3. 
4, 
5 


“Indicates JEDEC registered data 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 1N645 THRU 1N649, IN645A 
SILICON GENERAL PURPOSE DIODES 


BULLETIN NO. DL-S 739125, OCTOBER 1966—REVISED MARCH 1973 


mechanical data 


225 V to 600 V e 400 mA AVERAGE 
e Rugged Double-Plug Construction 


Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


REGISTERED BODY DIMENSIONS* 
LENGTH ... - 0.301 
DIAMETER . 


FALLS WITHIN JEDEC DO-7 DIMENSIONS 
CATHODE END IS DENOTED BY A CONTRASTING COLOR BAND 


hae ae 


PZZLIZLL GP LLL 
Li y 
ESS — ee i lt: ——— 


Hy ne 
Zz 
+ TILLLLLLLEPLLIZLN | an 
‘SE NOTE 
26s max 
1.0 iN 1.0 IN 
DIMENSIONS ARE IN INCHES 


NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD (S UNCONTROLLED 


Bes 
0230 0.020 0.002 DIA 


2 WaDS 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Working Peak Reverse Voltage over 
Operating Free-Air Temperature Range 


Vamiwkg) 


Average Rectified Forward Current at 
° (or below) 25°C Free-Air Temperature (See Note 1) 


1N645|1N645A[1N646] 1N647]1N648| 1N649/UNIT 
225 225 300 400 500 600 | V 
400 


Average Rectified Forward Current at 150°C 
Free-Air Temperature 

Peak Surge Current, One Second, at 25°C to 150°C 
Free-Air Temperature (See Note 2) 
Continuous Power Dissipation at (or below) 


lemjsurge) 


150 


Tatopr) 


25°C Free-Air Temperature (See Note 3) 600 
Operating Free-Air Temperature Range —65 to 150 
Altitude at Rated Working Peak Reverse Voltage 100 000 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Voltage 


1N645 1N647_|_1N648 
PARAMETER | TEST CONDITIONS fn MAX|MIN MAX|MIN MAXIMIN MAX/MIN MAX|MIN MAX 
alicton Ip = 100 A 
Viney Breakdown | s* — gnbe 275 480 600 


= Rated Vamiwkg) 0.2 
Static eee 20 
I, —- Reverse A 
Current = 60¥ LL 
60 V, 
125°C 
Static 
Ve Forward 400 mA 1 
Voltage mae 


Total 
Capacitance 


to 150 mA at 150°C free-air temperature at the rate of 2 mA/*C. 


. These values may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. Derate linearly 


2. These values apply for a one-second square-wave pulse with the device at nonoperating thermal equilibrium immediately prior to 


the surge. 


3. Derate jinearly to 200 MW at 150°C free-air temperature at the rate of 3.2 mw/°c. 


*JEDEC registered data. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 1N659, 1N660, ING61 
SILICON SWITCHING DIODES 


BULLETIN NO. DL-S 739782, MARCH 1967—REVISED MARCH 1973 


MEDIUM-SPEED SWITCHING DIODES 
e Rugged Double-Plug Construction 
mechanical data 


Double-piug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


CATHODE END 1S DENOTED BY A CONTRASTING COLOR BAND 


0.085 MAX DIA. to Sd —4 0.020 0.002 OLA 
2 LEAS 


oC: «CF i S————3 
WZZZZZLLLL ZILLI Pe aoe 
L} = See NOTE 
0.270 MAX 
1.0 IN 1.0 MIN 
REGISTERED BODY DIMENSIONS* OWAENSIONS ARE (N INCHES 
LENGTH 0.300 MAX NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD IS UNCONTROLLED 


DIAMETER 0.125 MAX 


Working Peak Reverse Voltage over Operating 
Vroiwis) — Free-Air Temperature Range 
Average Rectified Forward Current at (or below) 


NESS TNGEO [NEST 
100 200 
25°C Free-Air Temperature (See Note 1) 100 
Average Rectified Forward Current at 100°C 
250 


“lo Free-Air Temperature (See Note 1) 


50 
Peak Surge Current at 25°C Free-Air 
leMtsurge} Temperature (See Note 2) 


P Continuous Power Dissipation at (or below) 
25°C Free-Air Temperature (See Note 3) 


"Tatopr) Operating Free-Air Temperature Range —65 to 150 
Tito Storage Temperature Range 65 to 150 
is Altitude at Rated Working Peak Reverse Voltage 100 000 


PARAMETER TEST CONDITIONS [MIN MAX[MIN MAX|MIN MAX| 


Vier) _ Reverse Breakdown Voltage k= 100pAT. = 100°C] 60 | 120 | 240 | 
Va = Rated Vanwag ee ee ee 


VR = Rated Ven wk } 
T= 10% HA 


Ip Static Reverse Current 


rnsnern | eonomons [all a rm 


256-JAN, fe = 30 mA, 
tre Reverse Recovery Time R= 35V, RB =2k0, ps 
G, = 20 pF, Recovery to 400 kQ 


NOTES: 1. These values moy be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load, Derate linearly to 0 at 150°C free-alr temperature. 
2. This value applies for a one-second squote-wave pulse with the device at nonoperating thermal equilibrium immediately prior to the surge. 
4. Derate linearly to 150°C free-ale temperature ot the rate of 2 mW/*C. | 


*JEDEC registered data. 
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IN QROER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PROOUCT POSSIBLE. 


TYPES 1N662, 1N663 

SILICON SWITCHING DIODES 

BULLETIN NO. DL-S 739122, SEPTEMBER 1966—-REVISED MARCH 1973 

MEDIUM-SPEED SWITCHING DIODE 

@ Rugged Double-Plug Construction 
*mechanical data 


Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions, Hot-solder-dipped leads are standard. } 


CATHODE END IS DENOTED BY A CONTRASTING COLOR BAND 


0.005 max a f}— tie | 0.00 = 9.002 IA 


ELLLLLLL GE PLLLLLLL 


| 
WLZLLLLLLILLLLLLN 
0.220 MAX 
1.0 MIN 


REGISTERED BODY DIMENSIONS* 
LENGTH 0.265 MAX DIMENSIONS ARE 1N INCHES 
DIAMETER 0.140 MAX NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD IS UNCONTROLLED 


1N662 1N663 
Working Peak Reverse Voltage 80 80 
"4 Average Rectified Forward Current at (or below) 40 60 
2 25°C Free-Air Temperature (See Note 1) 
“Temisurge) Peak Surge Current, One Second (See Note 2) 0.5 
u 
2 
250 


“Temtsurge) Peak Surge Current, 0.3 Second (See Note 2) 
“leMipuisey Peak Pulse Current (See Note 3) 


Continuous Power Dissipation at (or below) 
25°C Free-Air Temperature (See Note 4) 


Operating Free-Air Temperature Range 
Storage Temperature Range 


65 to 150 
—65 to 150 


PARAMETER TEST CONDITIONS 


fe = 100 pA 

Ve = 10V 

Ve = 50V 

VR = 75¥V 

Ve = 10V, Ta = 100°C 
Ve = 50 V, T, = 100°C 
Ve = 75, Ta = 100°C 
te = 10 mA 


Vier) Reverse Breakdown Voltage 


Ik Static Reverse Current 


Ve Static Forward Voltage 


i= 
8j8) 2 |>|>|>| 2 |=<|2 
Ele ea Ct Es an Cs Pn Oe ems em el ed EL 


5 
50 BA 
1 


lp = 100 mA v 
*switching characteristics at 25°C free-air temperature 
1N662 1N663 
PARAMETER TEST CONDITIONS MIN MAX | MIN MAX UNIT 

256-JAN, lr = 5 mA, Vp = 40 V, 
R, = 2.3 kL, G = 40 pF, 05 BS 
Recovery to 100 kO 

tee Reverse Recovery Time 256-IAN, I; = 5 mA, Va = 40V, 
RL = 23k, G = 40 pF, 05 ps 
Recovery to 200 kO. 


NOTES: 1. These values may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. Derate linearly to 0 at 150°C free-air temperature. 
2, These values apply for the specified square-wave pulse with the device at nonoperating thermal equilibrium immediately prior to the surge. 
3. This value applies for tp < 1 us, duty cycle < 1%, 
4. Derate linearly to 150°C free-air temperature at the rate of 2 mW/C°, 


* JEDEC registered data 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 1N702 THRU 1N707, 1N702A THRU 1N707A 
SILICON VOLTAGE-REGULATOR DIODES 


BULLETIN NO. DL-S 739352, DECEMBER 1966—REVISED MARCH 1973 


Vz2...2.6Vto7.1V 
Pp... 400 mW ‘ 


e Available in 5% and 10% Tolerances 


: e@ Rugged Double-Plug Construction 
mechanical data 


Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


FALLS WITHIN JEDEC DO-7 DIMENSIONS 
CATHODE END IS DENOTED BY A CONTRASTING COLOR BAND 


aes pa pelea ome ng oa 


OIMGNSIONS ARE IN INCHES 
NOTE: WITHIN THESE ZONES OIAMETER OF EACH LBAO IS UNCONTROLLED 


REGISTERED BODY DIMENSIONS * 

MIN MAX 
LENGTH 0.230 0.300 
OLAMETER 0.085 = 0.125 


absolute maximum ratings 
fam P 


Steady-State Dissipation, 
Regulator Current, Tr < 25°C 


{See Note 1) (See Note 2) 


WOTES: 1. For operation abeve 25°C free-air temperature, refer te Dissipation Derating Curve, figure 1. B 
2. This value applies 1 inch from the case fer 10 seconds, 


*Indicates JEDEC registered data 


‘TThe nominal lzyq currents shown are applicable to devices having regutater voltages at the upper timit of the range specified for each type. These velues do not repre- 
sent absolute limits, The actual steady-state current-voltage preduct must not exceed 400 mW, 


$This valve is guaranteed by Texas Instruments in addition to the JEDEC registered value which is alse shown. 
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TYPES 1N702 THRU 1N707, 1N702A THRU 1N707A 
SILICON VOLTAGE-REGULATOR DIODES 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


CHARACTERISTICS 
a ln 
Small-Signal Static 
Breakdown Reverse 
Impedance Current 


tzr = 10mA Ve is Ven 


ly = 1 mA = hb 
f= 60Hz Tene 


410. 4. 
4.85 


“Indicates JEDEC registered date 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


i] 

pe UB 
ys ae a] 
PN fate [I 


Hes a) 
P IN, INE TT 
Se Nes 


i eee atte SN 
pc ee SS 


0 3 50 %75 100 125 150 175 200 


P —Maximum Continuous Power Dissipation — mW 


Ta, —Free-Air Temperature —°C 
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TYPES 1N708 THRU 1N726, 1N708A THRU 1N726A 
SILICON VOLTAGE-REGULATOR DIODES 


BULLETIN NO. DL-S 7311941, MARCH 1973 


Vz...5.6 V to 33 V 
Pp... 400 mW 


e Available in 5% and 10% Tolerances 
e@ Rugged Double-Piug Construction 


mechanical data 


Double-plug construction affords integral positive contacts by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


FALLS WITHIN JEDEC DO-7 DIMENSIONS 
CATHODE END IS DENOTED BY A CONTRASTING COLOR BAND 


EZZZZDL Lp PELILLLA 
Cc" co F i 


WILLZLIL LLL 
0,265 MAX 
1.0 MIN. 


DUAENSIONS ARE WN INCHES 
OTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD IS UNCONTROLLED 


REGISTERED BODY DIMENSIONS? 
c 0 


absolute maximum ratings 
| 


t 
Continuous Power Dissipation at (or below) 50°C Free-Air Temperature (SeeNote1) ...... pa Hale | 
250 mW 
—65°C to 175°C* | 
—65°C to 178°C* 
230°C | 


Operating Free-Air Temperature Range 
Storage Temperature Range . . 
Lead Temperature 1/16 Inch from Case for 10 Seconds 


t This value is guaranteed by Texas Instruments in addition to the JEDEC registered value which is also shown. 


NOTE 1: For operation above 50°C free-air temperature refer to Dissipation Derating Curve, Figure 1. 1 ( 
*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TEXAS INSTRUM ENTS 10-13 


CORPORATE 
POST OFFICE BOX 5012 s DALLAS, TEXAS 75222 


TYPES 1N708 THRU 1N726, 1N708A THRU 1N726A 
SILICON VOLTAGE-REGULATOR DIODES 


*electrical characteristics at 25°C free-air temperature 


CHARACTERISTICS 
Z 
Vz ; 
Small-Signat TEST CURRENT 
PARAMETER Regulator 
Regulator 
Voltage 
. a 
= lz(T) 
TEST CONDITIONS =(2(T) r= rio I(T). 
<a 60 Hz 


ego dace Leen 
LIMIT NOMINALt MN 


poet fags 
4 ¥ 


1N708, A 


1N709, A 
1N710, A 
IN711,A 


1N712,A . 7.38 9.02 7.79 

1N713, A F 8.19 10.01 8.65 

1N714,A 9.00 11.00 9.50 10.50 
1N715, A 9.90 12.10 10.45 11.55 
1N716, A 10.80 13.20 11.40 12.60 
1N717,A 11.70 14.30 12.35 13.65 
1N718, A 13.50 16.50 14.25 15.75 
1N719, A 14.40 17.60 15.20 16.80 
1N720, A 16.20 19.80 17.10 18.90 
1N721,A 18.00 22.00 19.00 21.00 
1N722,A 19.80 24.20 20.90 23.10 
1N723, A 21.60 26.40 22.80 25.20 
1N724, A 24.30 29.70 25.65 28.35 
1N725, A 27.00 33.00 28.50 31.50 
1N726, A 29.70 36.30 31.35 34.65 


*“JEDEC registered data 
FToterance is +10% for the 1N708 through 1N726 series, 5% for the 1N708A through 1N726A series. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


TN Ne 
CCCTART 
Cpe NT 


P — Maximum Continuous Power Dissipation — mW 


Ui) 25 50 75° 100 «125 «150 «175-200 


Ta — Free-Air Temperature ~ °C 


FIGURE 1 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 1N746 THRU 1N759, 1N746A THRU 1N759A 
SILICON VOLTAGE-REGULATOR DIODES 


BULLETIN NO. DL-S 7311942, MARCH 1973 


Vz...3.3V to 12 V,Pp...400 mW 
e Available in 5% and 10% Tolerances 
e Rugged Double-Plug Construction 


description and mechanical data 


These voltage regulator diodes have been designed using the best of both silicon material processing and packaging 
technologies. The silicon die is a planar oxide-passivated structure which has additional true-glass passivation over the 
junction. The double-piug package, proven by years of volume production, ensures the best in mechanical integrity and 
the lowest possible junction temperature when compared to the thermal characteristics of whisker packages. Because of 
this rugged double-plug (heat-sink) package, these devices offer very conservatively rated power dissipation capabilities. 


FALLS WITHIN JEDEC DO-7 DIMENSIONS 
CATHODE END {S DENOTED BY A CONSTRASTING COLOR BAND 


2265 
0.230 0.020 = 0.002 DLA 
2 ADS 


LLLZLZ ZL La LLL 
7 


ee ee 
0.265 MAX 
Cal 
REGISTERED BODY DIMENSIONS* bg 


DIMENSIONS ARE IN INCHES 
.. 0.300 MAX NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD 1S UNCONTROLLED 


DIAMETER ..... 0.125 MAX 


*absolute maximum ratings 


Average Rectified Forward Current at (or below) 25°C Free-Air Temperature... .... .. + « « 230MA 
Average Rectified Forward Current at 150°C Free-Air Temperature... .......2..... +. S5mA 
Peak Reverse Surge Current fo estiy ap ee aed Jalan Oh ean hy PP aera a es sl Goes’, “SeerTable:t 
Peak Forward Surge Current . . . . 4. . « « See Figure 1 
Continuous Power Dissipation at (or below) 75° Cc ‘Fics: ‘Air Temiperdtura ‘(See Figure 2). woe ee ee ee 400 mW 
Continuous Power Dissipation at 150°C Free-Air Temperature . 2. 2... 1. 1 ee ee ee ee ee 100m 
Operating Free-Air Temperature Range 2 2. 1 6 we ee ee ee) BEPC to 175°C 
Storage Temperature Range 6 ww we ee ee BEPC to 175°C 


TABLE 1—PEAK REVERSE SURGE CURRENT 


'RSM 'RRM 
Reverse Surge Current Repetitive Peak Reverse Current 
t=1s, t=0.001s, (Max sie Rate = 1 kHz} 


: Ta 150°¢ | Ta= 160°C 
a] Cn a! 
1N746, A A 1000 
1N747,A . 1000 
1N748, A 7 1000 
1N749,A a 1000 
1N750, A . 
19 


1N756, A 
1N757, A 
1N758, A 
1N759, A 


p mA 

70 

69 

67 

63 

58 

1N751, A 53 
1N752, A E 18 48 
1N753, A ; 17 45 
1N754, A ; 16 42 
1N755, A ; 15 39 
E 36 

. 3 

30 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TEXAS INSTRUMENTS 10-15 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES 1N746 THRU 1N759, 1N74GA THRU 1N759A 
SILICON VOLTAGE-REGULATOR DIODES 


*elactrical characteristics at 25°C free-air temperature (unless otherwise noted) 


ayz Zz ig 
Temperature Coefficient Small-Signal 
of Regulator Voltage Regulator Impedance 


Static Reverse Current 


MIN MAX MIN MAX 
[ot fv |v v{ vv i «et 
1N746, A 3.3 3.63 Fi 5. 
1N747,A 
1N748, A 
1N749,A 
1N750, A 
IN751,A 
1N752,A 
1N753, A 
1N754,A 
1N755, A 
1N756, A 
1N757,A 
1N758, A 
1N759, A 


*JEDEC registered data 


THERMAL INFORMATION 


MAXIMUM PEAK FORWARD 
NONREPETITIVE SURGE CURRENT 


vs 
PULSE WIDTH : DISSIPATION DERATING CURVE 
+ 500 
< 
g 
| 3 z 400 
8 é 
[ve § 
2 8 300 
| § Fe 
é a 
: § 
% & 200 
a ® 
E = 
z | 
® ted 100 
= 
l 
| 8 : 
: ™~ 9,001 0,004 0,01 0.04 0.1 0.4 1 25 50 75 100 125 150 175 
tw—Pulse Width—s Ta—Free-Air Temperature—"C 
FIGURE 1 FIGURE 2 
PRINTED IN U.S.A. 373 
10-16 TEXAS INSTRUMENTS 
INCORPORATED 
| POST OFFICE BOX 5012 «© DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 1N761 THRU 1N769 
SILICON VOLTAGE-REGULATOR DIODES 


BULLETIN NO. DOL-S 7311940, MARCH 1973 


Vz... 4.85 V to 23.5 V 
Pp ...400 mW 


e Tolerances Range from 9% to 15% 
e Rugged Double-Plug Construction 


mechanical data 


Double-plug construction affords integral positive contacts by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


FALLS WITHIN JEDEC DO-7* DIMENSIONS 
CATHODE END IS DENOTED BY A CONTRASTING COLOR BAND 


0.105 yy 0.265 
0.085 0,230 0.020 = 0.002 DIA 
2 LEADS 


ELLA LL LLA LD 


CLLLLLPLLLLLL LLL, 
0.265 MAX 
1.0 WIN 


DIMENSIONS ARE IN INCHES 
NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD IS UNCONTROLLED 


absolute maximum ratings 


12M Tstg 
Steady-State Steady-State P Storage TL 
Regulator Current Regulator Current | Dissipation Temperature Lead 
Ta < 25°C Ta= 125°C Ta <25°C Range Tamperature* 


JEDEC TI JEDEC | (See Note 1) TI JEDEC | (See Note 2) 
Nominalt | Value* |Nominalt| Vatue* Valuet | Value* | 


[ 20mA | 8mA | 
| 16mA | 6maé | 
P13ma | 5ma | —68°C | -65°C 
A to to 230°C 
260 mW" | a75°c | 150°C 
| t4ma_ | 7ma | 3m | 
| 12mA_ | 6mA | 2.5m | 


NOTES: 1. For operation above 25°C free-air temperature, refer to Dissipation Derating Curve, Figure 1. 
2. This value applies 1/8 inch from the case for 8 seconds. 
*JEDEC registered data, This data sheet contains all applicable registered data in effect at the time of publication. 
tThe nominal Iz currents shown are applicable to devices having regulator voltages at the upper limit of the range specified for each type. 
These values do not represent absolute limits. The actual steady-state current-voltage product must not exceed the power rating shown In 


Figure 1. 
tThis value is guaranteed by Texas Instruments in addition to the JEDEC registered value which is also shown. 
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TEXAS INSTRUMENTS 10-17 


INCORPORATED 
POST OFFICE BOX 5O1Z + DALLAS, TEXAS 75222 


TYPES 1N761 THRU 1N769 
SILICON VOLTAGE-REGULATOR DIODES 


*electrical characteristics at 25°C free-air temperature 


CHARACTERISTICS 
22 


PARAMETER 


v 
2 Smail-Signal 
Regulator 
Regulator 
Voltage 


impedance 


tr ='Z(T), 
ly = 10% lac), 


“JEDEC registered data (nominal values excluded). 


THERMAL CHARACTERISTICS 


DISSIPATION DERATING CURVE 


eee 
Dele 


a 


P —Maximum Continuous Power Dissipation —mW 


VW 
VV, 


0 25 50 75 100 «125 «4150 175 200 


T, —Free-Air Temperature —°C 
FIGURE 1 


PRINTED IN U.S.A 


10-18 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


373)—C«; 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
JN ORDER 10 IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 1N914, INS14A, 1N914B, 1N915, 1N916, INS1GA, INSIGB, 1N917 
SILICON SWITCHING DIODES 


BULLETIN NO. DL-S 7311954, MARCH 1973 


FAST SWITCHING DIODES 


e Rugged Double-Plug Construction 
Electrical Equivalents 


1N914...1N4148... 1N4531 
1N914A ... 1N4446 
1N914B ... 1N4448 
1N916...1N4149 
1IN916A ... 1N4447 


mechanical data 1N916B ... 1N4449 


Double-plug construction affords integral positive contacts by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


CATHODE END IS DENOTED BY COLOR BAND 


0,020 = 0.002 DIA 
a 


bs] Lag) 0195 
LEADS 


9320 rm | 
| eee Sa Le 
3 
WZLZZZLLLILLLILD \ 


DUAENSIONS ARE IN INCHES 
NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD if UNCONTROLLED 


absolute maximum ratings at specified free-air temperature 


1N914 
1IN914A 


Working Peak Reverse Voltage from —65°C to 150°C 


Average Rectified Forward Current (See Note 1) 


Peak Surge Current, 1 Second at 25°C (See Note 2) . 
Continuous Power Dissipation at (or below) 25 C (See Note 3) 
Operating Free-Air Temperature Range —65 to 175 


Storage Temperature Range —65 to 200* 


Lead Temperature 1/16 Inch from Case for 10 Seconds 300 


NOTES: 1. These values may be applied continuously under a single-phase 60-Hz half-sine-wave operation with resistive load. 


2. These values apply for a one-second square-wave pulse with the devices at nonoperating thermal equilibrium immediately prior to 
the surge. 


3. Derate linearly to 475°C free-air temperature at the rate of 1.67 mw/c. 


*JEDEC registered data 
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TEXAS INSTRUMENTS 10-19 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 78222 


TYPES 1N914, 1NS14A, 1N914B, 1N915, 1NS16, INSIGA, INSIGB, 1N917 
SILICON SWITCHING DIODES . 


1N914 SERIES AND 1N915 
*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


Reverse Breakdown 


V(BR) Volsaba 


Static Reverse VR=20V, Ta=100c[ | 


Current VR=20V, Ta=150°C 


Static Forward 


Vv 
F Voltage 


1N916 SERIES AND 1N917 
“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


Reverse Breakdown 


ViBR) Voltage 


Static Reverse 
Current 


Static Forward 
Voltage 


| *JEDEC registered data 
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10-20 TEXAS, INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222 


TYPES 1N914, 1NS14A, 1N914B, 1N915, 1N916, INSIGA, 1NS16B, 1N917 
SILICON SWITCHING DIODES 


operating characteristics at 25°C free-air temperature 


1N914 
1N914A 


1N914B 


PARAMETER TEST CONDITIONS 1N916 
1IN916A 


1N916B 


Ig = 10 mA, IRM = 10mMA, inp = tmMA, 
RL = 100 Q, See Figure 1 (Condition 1) 
Ig = 10mA, VR=6V, ipp = OMA, 
Re = 1002, See Figure 1 (Condition 2) 


VeMifes) Forward Recovery Valtage| ip =S0mA, AL=800,  SeeFiguea| 26°] | ‘|v 


Reverse Recovery Time 


SRE er V,=2V, RL=5ka2, C_=20pF, 
ve ica erene¥ | Zsource = 502, f= 100 MHz 
ee ee 


PARAMETER MEASUREMENT INFORMATION 


Br Conditjon 2 Condition 3 

Vin woe , Pron ber 
CONDITION 1: Adjust Via for lem =a ! H 
laa = 10 mA ! 1 i 
CONDITION 2: Adjust Vin H Io if 
for Vg =6V t ( { 
t 4 t 
INPUT VOLTAGE WAVEFORM = bee tre : 
TEST CIRCUIT aid 


OUTPUT CURRENT WAVEFORMS 


FIGURE 1 — REVERSE RECOVERY TIME 


NOTES: a. The input pulse is supplied by a generator with the following characteristics: Zou; = 50 0,1, < 0.5 ns, ty = 100 ns, 
b. Output waveforms are monitored on an oscilloscope with the following characteristics: t << 0.6 ns, Z;,, = 50 Q. 


INPUT Adjust for 
Ip = 50 mA 
50.2 
INPUT OUTPUT a ens ime gt 
D.U.T. OUTPUT Vemirec) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2 — FORWARD RECOVERY VOLTAGE 


NOTES: c. The input pulse is supplied by a generator with the following characteristics: Zoy¢ = $09 1, < 30 ns, ty = 100 ms, PRR = 5 to 100 kHz. 
d, The output waveform is monitored on an oscilloscope with the following characteristics: #, << U5 ns, R;, > 1 MQ, C. < 5 pF. 


* JEDEC registered data 
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Ti cannot assume ony cesponsibitity for any circuits shown 
or represent thet they are free from patent infringement. TEXAS INST RUM ENTS 
INCORPORATED 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


10-21 


TYPES 1N957 THRU 1N973, 
1N957A THRU 1N973A, 1N957B THRU 1N973B 


SILICON VOLTAGE-REGULATOR DIODES 


BULLETIN NO. DL-S 7311943, MARCH 1973 


Vz...6.8V to 33 V 
Pp ...400 mW 


e Available in 5%, 10% and 20% Tolerances 
e@ Rugged Double-Plug Construction 


description and mechanical data 


These voltage regulator diodes have been designed using the best of both silicon material processing and packaging 
technologies. The silicon die is a planar oxide-passivated structure which has additional true-glass passivation over the 
junction. The double-plug package, proven by years of volume production, ensures the best in mechanical integrity and 
the lowest possible junction temperature when compared to the thermal characteristics of whisker packages. Because of 
this rugged double-plug (heat-sink) package, these devices offer very conservatively rated power dissipation capabilities. 


FALLS WITHIN JEDEC DO-7* DIMENSIONS 
CATHODE END IS DENOTED BY A CONTRASTING COLOR BAND 


bisa * heey DA 
pang 
— } —J | az 


=) 
0.265 MAK 
1.0 WN 1.0 iN 


DIMENSIONS ARE JN INCHES. 
NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD 1S UNCONTROLLED 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


*lzm *IRSM *Pp Tstg 
Steady-State Nonrepetitive Reverse Continuous 
Regulator Current Surge Current Power Dissipation 
(See Note 1) (See Note 2} (Ta < 25°C, See Note 3) 


Storage 
Temperature Range 


1N957, A,B 
1N958, A, B 
1N959, A,B 
1N960, A, B 
1N961, A,B 
1N962, A, B 
1N963, A, B 
1N964, A,B 
1N965, A, B 400 —65 to 175 
1N966, A, B 
1N967, A,B 
1N968, A, B 
1N969, A, B 
1N970, A,B 
1N971, A,B 
1N972, A,B 
1N973, A, B 


NOTES: 1. The nominal Izpy currents shown are applicable for devices having regulator voltages approximately 10% above the nominal Vz 
values shown under electrical characteristics. These values do not represent absolute limits, The actual steady-state current-voltage 
product must not exceed the power rating in Figure 1. 
2. These values apply for an 8.3-ms square-wave pulse with the device at nonoperating thermal equilibrium immediately prior to the 
surge. 
3. Derate linearly to 175°C free-air temperature at the rate of 2.67 mW/"C. See Dissipation Derating Curve, Figure 1. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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10-22 TEXAS INSTRUMENTS 


INCORPORATED 7 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES 1N957 THRU 1N973, 
1N957A THRU 1N973A, 1N957B THRU 1N973B 
SILICON VOLTAGE-REGULATOR DIODES 


electrical characteristics at 25°C free-air temperature 


CHARACTERISTICS 


*AV2(aIR) “Zz "22k Int TEST CURRENT 
PARAMETER | Regulator Voltage Smail-Signal Small-Signat Static AND VOLTAGE 
Regulation Regulator Regulator Knee Reverse 
Impedance Impedance Current 
'R(1) = 10% 
TEST rated Ip, In = lar). ae =12K, 
JR (2) = 50% II, = 10% I2¢7),| by = 10% 2K, 
rated Ip, f = 60 Hz "ps 60 Hz 
t=90s 
Nomt [Max __| 
[unr [vv 


1N957, A,B 6.8 
1N958, A, B 

1N959, A, B 

1N960, A, B 

1N961, A,B R 8.5 
1N962, A, B \. 9.5 
1N963, A, B F 11.5 
1N964, A, B . 13 
1N965, A, B 

1N966, A, B 

1N967, A, B° 

1N968, A, B 

1N969, A, B 

1N970, A, B 

1N971, A,B 

1N972, A, B 

1N973, A, B 


CONDITIONS 


4.5 


tvz tolerance is t 20% for 1N957 thru 1N973, £ 10% for IN957A thru 1N973A, and + 5% for 1N957B thru 1N973B. 


t These limits apply for A and B suffix types only, There is no reverse current specification for 1N957 through 1N973. 
*JEDEC registered data 


THERMAL INFORMATION 
DISSIPATION DERATING CURVE 


500 
400 — 
300 [ 
200 io 
100 

0 es 


0 2 50 75 100 125 150 175 200 
Ta—Free-Air Temperature—°C 


Pp—Maximum Dissipation—mW 


FIGURE 1 
373 PRINTED IN U.S.A 
TEXAS INSTRUMENTS 10-23 
INCORPORATED 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 1N2069, 1N2070, 1N2071, 1N2069A, 1N2070A, 1N2071A 
SILICON RECTIFIERS 


BULLETIN NO. DL-S 7211697, NOVEMBER 1972 


200-600 VOLTS e 750 mA AVERAGE 
@ Rugged Double-Plug Construction 


e Hermetic Case 


e Small Size 
description and mechanical data 


These rectifier diodes are the product of combining the best of both silicon material processing and packaging technol- 
ogies. The silicon die is a mesa oxide-passivated structure which has additional nitride passivation and glass passivation 
over the junction. Years of volume production have shown the double-plug package to have the highest inherent mech- 
anical integrity of all hermetic-case diodes. 


FALLS WITHIN JEDEC DO-41 DIMENSIONS 


‘I 


WELLL 


0.060 
MAX 
(SEE NOTE) 
926 1.10 MIN 


ALL DIMENSIONS ARE IN INCHES 


REGISTERED BODY DIMENSIONS* 
‘ NOTE: Within this zone lead diameter CATHODE END 


LENGTH... 0.375 MAX js uncontrolied, tS DENOTED BY 
DIAMETER ..,...... 0,220 MAX A COLOR BAND 


[anzoe9A[inz070a|1N2071A| UNIT | 


Peak Reverse Voitage 
VRM ° Vv 
at (or below) 100°C (See Note 1} 
VR Steady State Reverse Voltage at (or below) 100°C | 200 | 
Average Rectified Forward Current 
lo ° 750 
at (or below) 25°C (See Notes 1 and 2) 
Average Rectified Forward Current 
at 100°C (See Notes 1 and 2) 


\ Repetitive Peak Forward Current, 10 Cycles, 
FRM at (or below) 25°C (See Notes 3 and 4) 


' Peak Surge Current, One Cycle, 
FSM at (or below) 100°C (See Note 3) 


Talopr) Operating Ambient Temperature Range —30 to 100 | -36to100 i 
Tstg Storage Temperature Range —30 to 100 —35 to 100 : 
Teed Teperating Wane to Cami Sncanes [ee 


NOTES: 1. These values may be applied continuously under single-phase, 60-Hz, half-sine-wave operation with resistive load. Above 26°C 


derate |g according to Figure 1. 
2. This rectifier is a tead-conduction-cooled device. At (or above) ambient temperatures of 25°C, the lead temperature 3/8 inch from 
case must be no higher than 5°C above the ambient temperature for these ratings to apply. 
3. These values apply for 60-H2 half sine waves when the device is operating at (or below) rated values of peak reverse voitage and 
average rectified forward current. Surge may be repeated after the device has returned to original thermal equilibrium. 
4. Derate linearly to 4 A at 100°C. 
*JEDEC registered data. This data sheet contains al! applicable registered dete in effect at the time of publication. 


tThe ambient temperature is measured at a point 2 inches below the device. Natural air cooling is used. 
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10-24 TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


TYPES 1N2069, 1N2070, 1N2071, 1N2069A, 1N2070A, 1N2071A 
SILICON RECTIFIERS 


*electrical characteristics at specified ambientt temperature 


PARAMET' 
ROMETER 1N2071 | 1N2071A 


IR Static Reverse Current VR = Rated Vr, Ta = 28°C 


Vam = Rated Van, !9 = 500 mA, 
IR(av) | Average Reverse Current f ki oh aM vA = 100°C 200 Po | ua | 


Ve Static Forward Voltage Ip = 500 mA, Ta = 25°C 


Van = Rated Vay, Io = 500 mA, 


*JEDEC registered data 


1N2069 | 1N2069A 
4N2070 | 1N2070A 


TEST CONDITIONS 


THERMAL INFORMATION 


FORWARD CURRENT DERATING CURVE 


{o— Maximum Average Forward Current — mA 


T, — Ambient Temperature ~ °C 


FIGURE 1 


1N2069, 1N2070, 1N2071 


1N2069A, 1N2070A, 1N2071A 
MAXIMUM AVERAGE FORWARD POWER DISSIPATED 


MAXIMUM AVERAGE FORWARD POWER DISSIPATED 
vs 


vs 
AVERAGE FORWARD CURRENT AVERAGE FORWARD CURRENT 


Continuous DC a 
Single-Phass ——| 
Three-Phase Wye 

Six-Phose Star 


Continuous DC 

Single-Phase 

Three-Phase Wye | 
Six-Phase Star 


Pa tay) — Maximum Average Forward Power Dissipated — W 
Pale} — Maximum Average Forward Power Dissipated — W 


0 0.2 04 0.6 0.8 1 ‘9 a oA 06. 0.8 i | 
Vitex — Average Forward Current — A \efon — Average Forward Current — A 
FIGURE 2 FIGURE 3 


NOTE 2: This rectifier is a lead-conduction-cooled device. At (or above) ambient temperatures of 25°C, the lead temperature 3/8 inch from | 
case must be no higher than 5°C above the ambient temperature for these ratings to apply. 


tthe ambient temperature is measured at a point 2 inches below the device. Natural air cooling is used. 
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TEXAS INSTRUMENTS 10-25 
INCORPORATED 
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IW ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 1N3064 
SILICON SWITCHING DIODE 


BULLETIN NO. DL-S 739114, SEPTEMBER 1966—REVISED MARCH 1973 


FAST SWITCHING DIODE 
e Rugged Double-Piug Construction 
e Electrically Equivalent to 1N4454 (DO-35) and 1N4532 (DO-34) 


mechanical data 


Double-piug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic seating. The coefficients of thermal expansion of the glass case and the dumet 


plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


CATHODE END IS DENOTED BY A CONTRASTING COLOR BAND 


0.085 MAX DIA. rs 0.180 0.020 + 0.002 DIA 
2 Leaps 


PZZLLLLL  PLLLLLLA 
ae 6 iH 


an 
TT LLLLLLLLLLLL LLL 23 
0.220 MAX 
1.0 MIN 


OWAENSIONS ARE IN INCHES 
NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD If UNCONTROLLED 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


*Vem Peak Reverse Voltage. ike 75V 
Ie Steady-State Forward Current at lor below) 25°C FreesAir Temperature (See Note 1). . 115 mA 
Iem{surgey Peak Surge Current, One Second (See Note 2). . Bes os ee ~ ee ©) 6+ 500 mA 
lemisurge) Peak Surge Current, One Microsecond (See Note 2). é on 2A 
*P Continuous Power Dissipation at (or below) 25°C Free-Air temperature (See Note 3). ‘ 250 mW 


*Tetg Storage Temperature Range. . a a wus 65°C. to 200°C 
*T, Lead Temperature M% Inch from Case for 2 Seconds»... ew ee ee + 250°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
PARAMETER TEST CONDITIONS 


Vier; Reverse Breakdown Voltage 


Static Reverse Current 


Vp = 50V, Ty = 150°C 
Ve Static Forward Voltage = 10mA 
Ove Temperature Coefficient of Static Forward Voltage le = 10 mA, See Note 4 
G Total Capacitance Ve = 0, f = 1 MHz 


*operating characteristics at 25°C free-air temperature 
PARAMETER TEST CONDITIONS 
fp = 10mA, kaw = 10 mA, RR = 10002, 
C, = 10 pF, i, = 1 mA, See Figure 1 
Ip = 100 mA, R, = 500), See Figure 2 
V, = 2, R=5K0, G = pF, 
Teource = 50.2, f = 100 MHz 


tre Reverse Recovery Time 


Vemirec) Forward Recovery Voltage 


Vi Rectification Efficiency 


NOTES: 1. These values may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load, Derate linearly to 0 at 150°C free-air temperature. 
2. These values apply for the specified square-wave pulse with the device at nonoperating thermal equilibrium immediately prior to the surge. 
3. Derate linearly at the rote of 1.5 mW/%. 
4. Temperature coofficien!, avyp, is determined by the following formula: 


Ve @ 150°C — Ve @ —55°C 
ayF 


150°C — (55°C) 


* JEDEC registered dota 
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TYPE 1N3064 
SILICON SWITCHING DIODE 


PARAMETER MEASUREMENT INFORMATION 


0.05 yF 


Adjust amplitude 
for I;nm = 10 mA 


INPUT VOLTAGE WAVEFORM OUTPUT CURRENT WAVEFORM 


FIGURE } — REVERSE RECOVERY TIME 


NOTES: . The input pulse is supplied by a generater with the following characteristics: 24,4 = 500, 1, < 0.25 ns, tp = 100 as. 
b. Output waveform is monitored on an oscilloscope with the following choracteristics: t. < 0.35 ns, Z,, = 502. 


INPUT Adjust amplitude 


for Ip = 100 mA 


INPUT OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2 — FORWARD RECOVERY VOLTAGE 


WOTES: ¢. The input pulse is supplied by a generator with the following characteristics: 2, = 50 & t, < Mas, = 100 ns, PRR << 100 kHz. 
a. Output woveform is monitored on an oscilloscope with the following characteristics: t, < 0.405, Ri, > 1 MO, C < 5 pr. 
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IN ORDER TO /MPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 1N3070 
SILICON SWITCHING DIODE 


BULLETIN NO. DL-S 739370, NOVEMBER 1966—REVISED MARCH 1973 


HIGH-VOLTAGE SWITCHING DIODE 
e Rugged Double-Plug Construction 
e Electrically Equivalent to 1N4938 (DO-35) 


*mechanical data 


Double-piug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


CATHODE END IS DENOTED BY A CONTRASTING COLOR BAND 


0.085 MAX DIA. ph see <7 0.020 =: 0.002 DIA 
2 UeaDs 


CLLILISOLLLLE LL, 
Cc 3 ———— a ae ———— 


y 
CZLZLLTLLLLLLLLL 44 | ‘os 
‘$66 NOTE 
0.220 MAX 
1.0 MIN 1.0 MIN 


DIMENSIONS ARE IN INCHES 
NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD IS UNCONTROLLED 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


*Vem Peak Reverse Voltage . . . .-. . 200 V 
Ie Steady-State Forward Current at ie Balbo "25°C Free-Atr Taniparawie (See Note 1) 150mA 
Irmisurge) Peak Surge Current, One Second (See Note 2)... - 2 se + eee 500 mA 
Iruisurge) Peak Surge Current, One Microsecond (See Note 2) . . . . . awa GANS 2A 

*P Continuous Power Dissipation at (or below) 25°C Free-Air Tainperaiure: (See Note 3) 250 mW 

*Tatg Storage Temperature Range . . . . oe ee ee 6 —-G5°C to 200°C 

*T. Lead Temperature % Inch from Case fee 2 Seconds Be oes tices IG wae > Be 2EOPE 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 
Reverse Breakdown Voltage 


TEST CONDITIONS 
Ip = 0.1 mA 


Vien) 


Ve = 175V 
Static Reverse Current Ve = 1SV, Ty = 150% 
Static Forward Voltage Ip = 100 mA 


Temperature Coefficient of Static Forward Voltage 
Total Capacitance 


Ip = 100 mA, See Note 4 
Ve = 0, f = 1 MHz 


*operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 
: = 30mA, aw = 30 mA, R, = 100 0, 
tre Reverse Recovery Time G =10pF, i = 1 mA, _ See Figure 2 


0 | 1h Rectification Efficiency : ee 50.2. ; ae ae a 
Out ul 


NOTES: 1. These values may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. Derate linearly to 0 at 200°C free-air temperature. 
2. These valves apply for the specified square-wave pulse with the device at nonoperating thermal equilibrium immeoiately prior to the surge. 
3. For operation above 25°C free-vir temperature, refer to Dissipation Derating Curve, figure 1. 
4. Temperature cosfficient, Qyyp, is determined by the following formula: 


Ve @ 150°C — Vp @ —55°C 


ON 150°C — (-55°Q) 


* JEDEC registered data 
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TYPE 1N3070 
SILICON SWITCHING DIODE 


THERMAL CHARACTERISTICS 


DISSIPATION DERATING CURVE 


P — Maximum Continuous Device Dissipation — mw 


0 50 100 150 200 
Ta — Free-Air Temperature — °C 
FIGURE 1 


PARAMETER MEASUREMENT INFORMATION 


0.05 pF 


O.U.T. 


Adjust omplitude 
for Ig = 30mA 


INPUT VOLTAGE WAVEFORM OUTPUT CURRENT WAVEFORM 
FIGURE 2 — REVERSE RECOVERY TIME 


WOTES: a. The input pulse is supplied by @ generator with the following characteristics: 2... = 50.0, 1, < 0.25 ns, = 100 ns. 
b. The output waveform is monitored on an oscitloscope with the following characteristics: t, < 0.35 ns, Z,, = 50 2. 
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10-28 | 


TYPES 1N3506 THRU 1N3530 
SILICON VOLTAGE-REGULATOR DIODES 


BULLETIN NO. DL-S 7311945, MARCH 1973 


Vz...3.3Vto33V, Pp...400mW 
e 5% Tolerance 


eaachanical deta e Rugged Double-Plug Construction 
These voltage regulator diodes have been designed using the best of both silicon material processing and packaging 
technologies. The silicon die is a planar oxide-passivated structure which has additional true-glass passivation over the 
junction. The double-plug package, proven by years of volume production, ensures the best in mechanical integrity and 
the lowest possible junction temperature when compared to the thermat characteristics of whisker packages. Because of 
this rugged double-plug (heat-sink) package, these devices offer very conservatively rated power dissipation capabilities. 


FALLS WITHIN JEDEC DO-7* DIMENSIONS 
CATHODE END {S DENOTED BY A CONTRASTING COLOR BAND 


103 oms 
‘toss - an0 0.020 = 0.002 DIA 
‘2 WeaDs 
(ZZZZZZZRTLLLLILA 
= 7 ih —' 


| ENE 
WLLL LLL ie Stas 
0.265 MAK 
1.0 MIN 1.0 MIN 


DIMENSIONS ARE IN INCHES 


NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD tS UNCONTROLLED 


*absolute maximum ratings 
Izm ‘RSM Pp T 
Steady-State Nonrepetitive Reverse Continuous stg 


Regulator Current Surge Current Power Dissipation Tarn aasienal 
(Ta < 50°C, See Note 1) | (Ta < 25°C, See Note 2) | (Ta < 50°C, See Note 3) P nee 


1N3506 
1N3507 
1N3508 
1N3509 
1N3510 


1N3516 
1N3517 
1N3518 —65 to 200 
1N3519 
1N3520 


1N3527 
1N3528 
1N3529 
1N3530 


NOTES: 1. The Iz, currents shown are nominal and do not represent absolute limits. The actual steady-state current-voltage product must 
not exceed the power rating in Figure 1. 
2. These values apply for 10 square-wave surges of 8.3 ms duration at one-minute intervals. 
3. Derate linearly to 200°C free-air temperature at the rate of 2.67 mW/°C. See Dissipation Derating Curve, Figure 1. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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10-30 TExAS INSTRUMENTS 


INCORPORATED 
POST OFFICE SOX 5012 + DALLAS, TEXAS 75222 


TYPES 1N3506 THRU 1N3530 
SILICON VOLTAGE-REGULATOR DIODES 


*electrical characteristics at 25°C free-air temperature 
CHARACTERISTICS 


V2 Pa ae ; TEST CURRENT 
PARAMETER Regulator aan : AND VOLTAGE 
Voltage egulator 
TEST CONDITIONS In = lz¢r) \ Vr =VRin) en 
2(T 


Lint [wax] 


uA 


1N3506 
1N3507 
1N3508 
1N3509 
1N3510 
1N3511 
1N3512 
1N3513 
1N3514 
1N3515 
1N3516 
1N3517 
1N3518 
1N3519 
1N3520 


NNN 
ooo 


ania s=o Bw A 
NN 
os 


=o = 
o°o 


° 
a a 
-NNNN 
ooooso 
ale =o =o os ajo 
OID nA WwW aB10 DANN 


1N3526 
1N3527 
1N3528 
1N3529 
1N3530 


3st 
Ohba ooo 


TvVz tolerance is +5%. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


Pp—Maximum Dissipation—mW 


— 


0 25 50 75 100 125 150 175 200 
Ta—Free-Air Temperature—°C 


FIGURE 1 


*JEDEC registered data . 
a a a ee ere 
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IM ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 1N4001 THRU 1N4007 
SILICON RECTIFIERS 


BULLETIN NO. DL-S 7211698, NOVEMBER 1972 


50-1000 VOLTS e 1 AMP AVERAGE 
e Rugged Double-piug Construction 
e Hermetic Case 
e 30-Amp Surge Rating 
description and mechanical data 
These one-amp rectifier diodes are the product of combining the best of both silicon material processing and packaging 
technologies. The silicon die is a mesa oxide-passivated structure which has additional nitride passivation and glass passi- 


vation over the junction. Years of volume production have shown the double-plug package to have the highest inherent 
mechanical integrity of all hermetic-case diodes. 


* ALL JEDEC DO-41 DIMENSIONS AND NOTES ARE APPLICABLE 


amo 3038 DIA 
ILL , 
C3 ae ee sae 


17 


(SEE NOTE) 
1.10 MIN: 


DIMENSIONS ARE IN INCHES 


CATHODE END IS DENOTED 
BY A COLOR BAND 


NOTE: Within this zone lead diameter 
is uncontroiled. 


*absolute maximum ratings at specified ambient? temperature (unless otherwise noted) 


Peak Reverse Voltage from 
—65°C to 175°C (See Note 1) 


v Steady State Reverse Voltage from 25°C to 75°C | 50 | [200 | 400 | 600 | 800 [ 1000 | v | 


R 
PR dha ose |e SN [2 
25°C to 75°C (See Notes 4 and 2) 
ean Repetitive Peak Forward Current, 10 Cycles, 
at (or below) 75°C (See Note 3) 


f Peak Surge Current, One Cycle, 
FSM at (or below) 75°C (See Note 3) 


VRM 


Talopr) Operating Ambient Temperature Range 


Tstq Storage Temperature Range —65 to 200 “C 


Lead Temperature 3/8 Inch from Case for 10 Seconds 


NOTES: 1. These vatues may be applied continuously under single-phase, 60-Hz, half-sine-wave operation with resistive load. Above 75°C 


derate 1 according to Figure 1. 
2. This rectifier is a lead-conduction-cooled device. At (or above) ambient temperatures of 75°C, the lead temperature 3/8 inch from 


case must be no higher than 5°C above the ambient temperature for these ratings to apply. 
3. These values apply for 6O-Hz half sine waves when the device is operating at {or below) rated values of peak reverse voltage and 
average rectified forward current. Surge may be repeated after the device has retumed to original thermal equilibrium. 
*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


tThe ambient temperature is measured at a point 2 inches below the device. Natural air cooling is used. 


rr 
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10-32 TEXAS INSTRUMENTS 


INCORPORATED 
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TYPES 1N4001 THRU 1N4007 
SILICON RECTIFIERS 


*electrical characteristics at specified ambientt temperature 


Va=RewdVr, _ TA= 25°C fe 
IR Static Reverse Current 5 uA 
Va=Reted Vn, TA= 100° a as 


Vem = Rated Vam. !o = 1A, 


Ve Static Forward Voltage Ip=1A, Ta=25 Cto 76 C 


VR = Rated Vam. IQ = 1A. 
v Average Forward Vol 
Flav) rage Feewerd Voltage £=60Hz, Ta = 28°C to 75°C bd 
Vr = Rated Vam. to = 1A, 
v Peak Forward V 
FM ome oat = 60 Hz, Tp = 26°C to 75°C 


*JEDEC registered data 


THERMAL INFORMATION 


FORWARD CURRENT DERATING CURVE 


'(avj—Maximum Average Forward Current Per Device—A 


Ta—Ambient Temperature—°C 


FIGURE 1 


NOTE 2: This rectifier is a lead-conduction-cooled device. At (or above) ambient temperatures of 78°C, the lead temperature 3/8 inch from 
case must be no higher than 5°C above the ambient temperature for these ratings to apply. 
tThe ambient temperature is measured at a point 2 inches below the device. Natural air cooling is used. 


ae 
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TYPES 1N4148, 1N4149, 1N4446 THRU 1N4449 
SILICON SWITCHING DIODES 


BULLETIN NO. DL-S 739269, OCTOBER 1966—REVISED MARCH 1973 
FAST SWITCHING DIODES 
e Rugged Double-Plug Construction 


Electrical Equivalents: 
1N4148 ...1N914...1N4531 1N4447...1N916A 


1N4149 ... 1N916 1N4448 ... 1N914B 
1N4446 .... 1N914A 1N4449 ... 1N916B 


mechanical data 


Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
Stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot- -solder-dipped leads are standard. 


“ALL JEDEC DO-35 DIMENSIONS AND NOTES ARE APPLICABLE 


Gtass 


bumer 
\ 


0.020 + 0002 OIA 
2 LEADS 


ELE Wi); 
a — a “st 1 


CATHODE END IS DENOTED 
NOTE. WITHIN THis ZONE BIAMETER OF FACH LEAD Is UNCONTROLLED BY COLOR BAND 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Vemjwig) Working Peak Reverse Voltage . 
P 


. 75V 
Continuous Power Dissipation at (or pie 25°C Free-Air 

Temperature (See Note 1) rae 500 mW 

Tstg Storage Temperature Range . . . ~65°C to 200°C 

Th Lead Temperature 1/16 Inch from Case for 10 Securids é - 300°C 


“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


7 
PARAMETER Test CONDITIONS | 1N4748 | 1N4149 { 1N4446 | 1N4447 | 


- MAX 
k= 5 pA 
Bi 
Visa) Reverse Breakdown Voltage i, = 100 pA a 
Ve = 20V 
I, Static Reverse Current = 20V,T, = 100°C 
20 V,T, = 150°C 


Ve Static Forward Voltage 


G__ Total Capacitance 


NOTE 1: Derate linearly to 200°C at the rate of 2.85 mW/ °C, 


* JEDEC registered data 
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TYPES 1N4148, 1N4149, 1N4446 THRU 1N4449 
SILICON SWITCHING DIODES 


*switching characteristics at 25°C free-air temperature 


te = 10 mA, Va = 6 V,i-- = 1 mA, 
te Reverse Recovery Time tp — 190 (0, See Figure ‘a 


Ir = 50 mA, R, = 500, 
Fuitrec) Forward Recovery Voltage See Figure 2 R 


*PARAMETER MEASUREMENT INFORMATION 


0.2 uF D.U.T. 


Adjust for 


TEST CIRCUIT 
Le 
Adjust amplitude 
for Vp = 6 V boty od 
: 
INPUT VOLTAGE WAVEFORM OUTPUT CURRENT WAVEFORM 


FIGURE 1— REVERSE RECOVERY TIME 


WOTES: a. The input pulse is supplied by @ generator with the following characteristics: Top = 50.9, t, < OS ns, = 100 ns. 
b. The output waveform is monitored on on escillescope with the following characteristics: t, <0.6 as, Zi, = 50.0. 


50 Q 
INPUT OUTPUT INPUT Adjust for 
Ip = 50 mA 


OUTPUT Vem (oc) 


TEST CIRCUIT 


VOLTAGE WAVEFORMS 


FIGURE 2— FORWARD RECOVERY VOLTAGE | 


NOTES: c. The input putse is supplied by @ generator with the following characteristics: 7, = 500, t, < Was, = 100 ns, PRR = 5 to 100 kHz. 1 
d. The eutput waveform is monitered on en escillescope with the following characteristics: 1, << 1S as, &,, > 1M, 6, < 5 pF. | 


“.JEDEC registered data 
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TYPE 1N4150 
SILICON SWITCHING DIODE 


BULLETIN NO. DL-S 7011352, JULY 1970 


HIGH-CURRENT, CORE-DRIVER SWITCHING DIODE 
e Rugged Double-Plug Construction 
@ Electrically Equivalent to 1N3600 (DO-7) 
mechanical data 


Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to aliow extreme temperature excursions. Hot-solder-dipped leads are standard. 


*ALL JEDEC DO-35 DIMENSIONS AND NOTES ARE APPLICABLE 


Gass 
v DUMET 


0.050 MAX 
SE NOTE 


0.500 MIN 


Wb | 


CATHODE END IS DENOTED 


ROME: WHTVEN THES TONE OLAMETER OF EACH LEAD (S UNCONTROLLED BY COLOR BAND 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


VRM Peak Reverse Voltage 2 2 1. 1 ee eee ee ee ee ee) «GOV 
IFM(surge) Peak Surge Current, One Second (See Note 1). . - - - ee ee ee es 500 mA 
1EM(surge) Peak Surge Current, One Microsecond (SeeNote1) . 2. 2. 2 1 1 1 ee ee ee et ee AA 
P Continuous Power Dissipation at (or below) 25°C Free-Air Temperature (See Note2) . . . . SO0OmW 
Tstg Storage Temperature Range . 2. 1 1 1 ee . -65°C to 200°C 
TL Lead Temperature 1/16 Inch from Case for 10Seconds . . . 2 1 ee ee ee ee 250°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS [MIN MAX 
Va = 50V a 
jit. Sows Reese Gonens Ce 


Vv 50 V, Ta = 150°C 


Ve Static Forward Voltage 


f= 1 MHz ; 


*switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 
ttr Forward Recovery Time Ip =200mA, vf =1V, See Figure 1 


IF = IRM = 10 mA to 200 mA, 
ipp = O.11f, RL=1002, See Figure 2 
ie = IRM = 200 mA to 400 mA, 

R_= 1002, See Figure 2 


ter Reverse Recovery Time 


ipp = 0.1 HE, 


NOTES: 1. These vatues apply for the specified square-wave pulse with the device at nonoperating thermal equilibrium immediately prior 
to the surge. 
2. Derate linearly to 200°C free-air temperature at the rate of 2.85 mw/°c. 
*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPE 1N4150 
SILICON SWITCHING DIODE 


PARAMETER MEASUREMENT INFORMATION 


Adjust for 


INPUT 
Ip = 200 mA 


INPUT OUTPUT 


D.U.T. OUTPUT 


- —ol thr fe 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1—FORWARD RECOVERY TIME 


NOTES: a. The input pulse is supplied by 9 generator with the following characteristics: Zou, = 50 2, ty < 0.4 ns, ty = 100 ns, 
duty cycle < 1%, 


b. The output waveform is monitored on an oscilloscope with the following cheracteristics: t; < 0.5 ns, Rin, > 1 MQ, 


Cin <5 pF. 
0.05 uF D.U.T. 
INPUT OUTPUT 
Adjust for 
specified inm 
TEST CIRCUIT 
Adjust amplitude 
for specified IF 
0 
| 
RM 
me be 
INPUT VOLTAGE WAVEFORM OUTPUT CURRENT WAVEFORM 


FIGURE 2—REVERSE RECOVERY TIME 


NOTES: c. The input pulse is supplied by a generator with the following characteristics: ty < 1 ns, Zou, = 50 2, ty = 100 ns, 
duty cycle < 1%, 


d. The output waveform is monitored on an oscilloscope with the following characteristics: t, © 0.4 ns, Rip, = 50 2. 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 1N4151 THRU 1N4154 
SILICON SWITCHING DIODES 


BULLETIN NO. DL-S 699270, OCTOBER 1966—REVISED AUGUST 1969 


FAST SWITCHING DIODES 
e@ Rugged Doubie-Plug Construction 
Electrical Equivalents 


1N4151 ... 1N3604 
1N4152... 1N3605... 1N4533 
1N4153 ... 1N3606... 1N4534 
1N4154 ... 1N4009... 1N4536 
mechanical data 


Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


*ALL JEDEC DO-35 DIMENSIONS AND NOTES ARE APPLICABLE 


DumET 


0070 + 0.002 DIA 
2 LEADS 


Las 
—_ | 


SEE NOTE 
0.500 MIN 


CATHODE END IS DENOTED 


RTE: WitMeN TKS TONE DLAMETER OF EACH LEAD i$ UNCONTROLLED BY COLOR BAND 


Vem Peak Reverse Voltage 
Vamtwkg Working Peak Reverse Voltage 


Trtg Storage Temperature Range 
th Lead Temperature 1/16 Inch from Case for 10 Seconds 


[1N4151 | 1N4152_| 1N4153_| 1N4154_| 
[MIN MAX| MIN MAX] MIN MAX 


Vioxy Reverse Breakdown Voltoge | Ik= SA 


tk Static Reverse Current Ve = rated Vamuig, Ta = 150°C 


.62 0.70 | 0.62 0.70 


70 0.81 | 0.70 0.81 
0. 


ae 
eure 
P| 


Ve ‘Static Forward Voltage 


aes 
| 
G | | 


MOTE 1: Derate finearly to 200°C at the rate of 2.85 mW/°C 


Total Capacitance 


[MIN MAX 

[3 
| 0.05 | | Ot 
| 50 | a) 
eal aes 
_———) Lead 
[| 089 067 | 059 067] 
eae ae 
ite etl aes 
ia | 
aa PY 
fe a 
et eae 


* JEDEC registered deta 
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TYPES 1N4151 THRU 1N4154 
SILICON SWITCHING DIODES 


*switching characteristics at 25°C free-air temperature 


I; = 10 mA, law = 10 mA, i,, = 1 mA, 
R. = 100 0, See Figure 1 (Condition 1) 
Ie = 10 mA, Va = 69, ire = 1 mA, 

RK. = 100 Q, See Figure 1 (Condition 2) 


tre Reverse Recovery Time 


i *PARAMETER MEASUREMENT INFORMATION 


0.2 pF D.U.T. 


Ip = 10 mA 


TEST CIRCUIT 
¢ 
o'r 
Catal: 
Vin woo i 1 
CONDITION 1: Ad|ust Vig for 4 | 
Iam = 1OmA : n 
CONDITION 2: Adjust Vig 1 H 
for Vp =6V ' J 
‘ ‘ 
INPUT VOLTAGE WAVEFORM fetter H 
ren —+p| 


OUTPUT CURRENT WAVEFORMS 


FIGURE 1 — REVERSE RECOVERY TIME 


HOTES: a. The input pulse is supplied by a generator with the follewing characteristics: Z.4¢ = 02,1, < 0.5 ns, tp = 100 ns. 
b. The output waveform is monitored en an oscillescepe with the following characteristics: t, < 0.6 ns, Z;, = 308. 


*JEDEC registered data. 


en 
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TYPES 1N4305, 1N4444, 1N4454 
SILICON SWITCHING DIODES 


BULLETIN NO. DL-S 699266, OCTOBER 1966—REVISED AUGUST 1969 

FAST SWITCHING DIODES 

@ Rugged Double-Plug Construction 
Electrical Equivalents 


1N4305 ... 1N3063... 1N4532 
1N4454 .. . 1N3064 


mechanical data 


Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


“ALL JEDEC DO-35 DIMENSIONS AND NOTES ARE APPLICABLE 


0020 £ 0007 OIA 
2 LEADS 


Te 


mai 


0.500 MIN 


CATHODE END IS DENOTED 
BY COLOR BAND 


Vem Peak Reverse Voltage 
Vaniwkg) Working Peak Reverse Volt 


Viany_ Reverse Breakdown Voltage 


Ye Static Forward Voltage 


| 
Ove Forward Voltage Temperature 


Coefficient 
Cr ___ Total Capacitance 


WOTES: 1. Derete tinearty te 200°C at the rate of 2.85 mW/°C. 
2. Temperature coefficient, Qivp, is determined by the following formula: 


Ve @ 150°C — ¥, @ —55°C 


oes 150°C — (-55°G 


* JEDEC registered date 
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TYPES 1N4305, 1N4444, 1N4454 
SILICON SWITCHING DIODES 


*operating characteristics at 25°C free-air temperature 


Ie = 10 mA, ang = 10 mA, i, = 1 mA, 
R, = 100 1, See Figure 1, Condition 1 
Ip = 10 mA, Va = 6V, i, = 1 mA, 
R, = 100 0, See Figure 1, Condition 2 


Vaart Wrenner Ie = 100 mA, R = 500, See Figure 2 


Lrcurce = 50.11, f = 100 MHz 


0.2 pF 


TEST CIRCUIT 


0 
| | Saami 
Vin <-= lam 


t i] ] 

-d J | 

CONDITION 1: Adjust Vz for ‘ i 1 

lnm = 10mA i H ' 

CONDITION 2: Adjust Vin 1 ' t 

for Ve =6V 1 t 1 

fe 

INPUT VOLTAGE WAVEFORM fet —l 
OUTPUT CURRENT WAVEFORMS 


FIGURE 1 — REVERSE RECOVERY TIME 


NOTES: @. The input pulse is supplied by © generator with the fellowing cheracteristics: Zoyy = 50 0, 1, S05 as, = 100 as, 
b. Ovtpet weveferms ere monitored on on oscilloscope with the following characteristics: 1, < 0.6 ms, 7), = 50 2. 


INPUT Adjust for 
ip = 100 mA 
502 
INPUT OUTPUT sebecece.S 7 
D.U.T. Seti Ventre) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE a — FORWARD RECOVERY VOLTAGE 


WOTES: ¢. The input pulse is supplied by © generator with the following characteristics: Zoyt = $0, t, S 30 ns, , = 100 ms, PRR = 5 to 100 kitz, 
4. The outpet waveform Is monitored on en escilleccope with the following characteristics: !, S15 wt, Ry > 1 MM, Cy S 5 pF. 
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IM ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIOLE. 


TYPES 1N4148, 1N4149, 1N4446 THRU 1N4449 
SILICON SWITCHING DIODES 


BULLETIN NO. DL-S 739269, OCTOBER 1966—REVISED MARCH 1973 
FAST SWITCHING DIODES 
e Rugged Double-Plug Construction 

Electrical Equivalents: 
1N4148 ....1N914...1N4531 1N4447...1N916A 


1N4149 ... 1N916 1N4448 ... 1N914B 
1N4446 ... 1N914A 1N4449 ... 1N916B 


mechanical data 


Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


*ALL JEDEC DO-35 DIMENSIONS AND NOTES ARE APPLICABLE 
DUMET 


0.020 + 0002 DIA 
2 LEADS 


1% (3 


CATHODE END IS DENOTED 


Pre WITTEN Tne Pence SoAmETER (OF EACH LEAD 1S UNCONTROLLED BY COLOR BAND 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Vemiweg) Working Peak Reverse Voltage . . . . . 2 se + rae ee 75V 
P Continuous Power Dissipation at (or below) 25°C Free-Air 

Temperature (See Note 1) . . . . «+ - eee ew we we 6 6500 mW 
Tstg Storage Temperature Range . . . . - 7 1 ee ee eee —65°C to 200°C 
th Lead Temperature 1/16 Inch from Case for 10 Seconds . . . . . . « «~~ . 300°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Ik = 5 pA 75 | 7s 
etn PH ee 
a ee) 


Ve = 20V 


ee) 
a a) 


Va = 20V,1, = 150°C 


tk Static Reverse Current 


Ve Static Forward Voltage 


G 


Total Capacitance 


WOTE 1: Derate linsorly to 200°C at the rate of 2.85 mW/°C. 


* JEDEC registered dota 
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TYPES 1N4148, 1N4149, 1N4446 THRU 1N4449 | 
SILICON SWITCHING DIODES 


*switching characteristics at 25°C free-air temperature 


[et commons fe pn mar mg go a 
20 aeeeneee 
i a 


0.2 pF D.U.T. 


Ip = 10 mA 


TEST CIRCUIT 


Adlust amplitude 
for Vp =6V 


INPUT VOLTAGE WAVEFORM OUTPUT CURRENT WAVEFORM 


FIGURE 1 — REVERSE RECOVERY TIME 


WOTES: a. The input pulse is supplied by a generator with the fellewing cheracteristics: 2.4 = 50.9, |, <= 0.5 ns, = 100 ns. 
b. The output waveform is menitered on on escitlescope with the following characteristics: t, <0.6 as, Z,, = 502. 


| 
| m0 
INPUT OUTPUT INPUT Adjust for 


TEST CIRCUIT 


VOLTAGE WAVEFORMS 


FIGURE 2 — FORWARD RECOVERY VOLTAGE 


NOTES: ¢. The input pulse is supplied by a gonerater with the following characteristics: 2.4 = 50 2, t, <n as, t, = 100 ws, PRR = 5 to 100 kz. 
d. The eutpet weveferm is monitored on on escillescope with She following characteristics: t. < 15 ms, > ‘ WO, Ci, <5 pF. 
*{JEDEC registered deta 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 1N4305, 1N4444, 1N4454 
SILICON SWITCHING DIODES 


BULLETIN NO. DL-S 699266, OCTOBER 1966—REVISED AUGUST 1969 


FAST SWITCHING DIODES 
@ Rugged Double-Plug Construction 
Electrical Equivalents 


1N4305 ... 1N3063 ... 1N4532 
1N4454 .. . 1N3064 


mechanical data 


Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


“ALL JEDEC DO-35 DIMENSIONS AND NOTES ARE APPLICABLE 


cp 
CML, 


t 


H] 
MMM, 


Es 


CATHODE END 1S DENOTED 
BY COLOR BAND 


[rater [conn 


| Vimy Reverse Breakdown Voltoge [n= Suk ys 


Forward Voltage Temperature 
F Coefficient 


Tota! Capacitance 


Jz = 10 yA to 10 mA, See Note 2 
vy = 0, f = 1MHz 


WOTES: 1. Derate linearly to 200°C at the rete of 2.85 mw /°C. 
2. Temperature coefficient, Clive. is determined by the following fermula: 
egg = EE WH - Ve @ 85% 
= f-___ ft 
* JEDEC registered date mf 150°C — (-35°Q) 
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10-44 TEXAS INSTRUMENTS 
INCORPORATED 


POST OFFICE BOx 5012 « DALLAS, TEXAS 78222 


TYPES 1N4305, 1N4444, 1N4454 
SILICON SWITCHING DIODES 


*toperating characteristics at 25°C free-air temperature 


TEST CONDITIONS 
te = 10 mA, lug = 10 mA, i-¢ = 1 mA, 
R, = 100 1, See Figure 1, Condition 1 
le = 10 mA, Vp = 6 V, 1, = 1 mA, 
R, = 100 2, See Figure 1, Condition 2 


Vz IVR = 5k, G = 20pF, 
1, Rectification Efficiency | 7" "50.0, f = 100 MHz 


*PARAMETER MEASUREMENT INFORMATION 


0.2 pF 


0.U.T. 


(0) OUTPUT 


Adjust for 
tp = 10mA 


TEST CIRCUIT 


{ r] t 
in d q ' 
CONDITION 1: Adjust Vin for H ' t 
Inm = 10 mA ' 1.4 
CONDITION 2: Adjust Vin ‘ ' ' 
for Vp =6V ' t H 
: footer rT 
INPUT VOLTAGE WAVEFORM pater pl 
OUTPUT CURRENT WAVEFORMS 
FIGURE 1 ~ REVERSE RECOVERY TIME 
NOTES: @. The input pulse is supplied by a generater with the fellewing characteristics: Zoye = 50 2, t, S 05 at, tp = 100 ns. 
b. Qutpet waveforms ore monitored on en oscillescepe with the following characteristics: 1, S 06 ns, 7, = 502. 
y 
3 INPUT Adjust for 
Ip = 100 mA 
509 
INPUT OUTPUT e 
D.U.T. OUTPUT Vem{(rec) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2 ~ FORWARD RECOVERY VOLTAGE 


MOTES: ¢. The input pulse is supplied by a genercter with the following characteristics: Zoup = 502, 1, S 30 ns, tp = 100 ns, PRR = 5 to 100 kHz, 


d. The ovtpet waveform is monitered on on oscilloscope with the following characteristics: ', < Wns, Ri, > 1 MQ, Gy S 5 pe. 


* JEDEC segistered date 
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10-45 


TYPES 1N4531 THRU 1N4534, 1N4536 
SILICON SWITCHING DIODES 


BULLETIN NO. OL-S 739774, MARCH 1967—REVISED MARCH 1973 


FAST SWITCHING DIODES 


@ Rugged Double-Plug Construction 
Electrical Equivalents 
1N4531 . .. 1N4148 ... 1N914 1N4533 ... 1N4152... 1N3605 
1N4532 ... 1N4454... 1N3064 1N4534 .. . 1N4153... . IN3606 
1N4536 ...1N4154... 1N4009 


mechanical data 


Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


CASE OUTLINE FALLS WITHIN JEDEC DO.34 


REGISTERED BODY DIMENSIONS * 


MIN MAX ‘ CATHODE END 1S 
LENGTH 0.080 0.110 DENOTED BY COLOR BAND 
DIAMETER 0.045 0.065 


[1N4531] 1N4532[1N4533] 

[ Yam Peck Reverse Voltoge ——S*d CST 

| "Vamivigy Working Pook Reverse Voltoge ——SSSS«|=Ss «dss id) a 

FR a) 
25°C Free-Air Temperature (See Note 1 

| “Tig Storage Temperature Ronge | SC OT 

[ "T__Leod Temperature Ye inch from Case for V0 Seconds | —=—S~S~S~SOSCSCSTT 


5 ran nee ReSEEe 
Ve = 20¥ Ce) a ee 


Ye = 25-V, Ty, = 150°C 


a) 
R= 30V, = 150° [| 
a 
a 


Ve = S50V, T, = 150°C 


Static Reverse Current 


Ip 


SEER 


bog 


So 
— 
a) 
J 
w 
wm 
o 
= 
o 
oe 
>" 
wv 


Ve Static Forward Voltage 


G Toll Copocionce [Ve = 0,1 = 1m | 


NOTE 1: Derate finearly to 200°C free-cir temperature ot the rate of 2.85 mW/°C, 
*JEDEC registered data 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 1N4531 THRU 1N4534, 1N4536 
SILICON SWITCHING DIODES 


*eperating characteristics at 25°C free-air temperature 


Ip = 10 mA, Inw = 10 mA, i,, = 1 mA, 
R, = 100.1, See Figure 1, Condition 1 
Ip = 10 mA, R= 6V, 

R, = 1000, See Figure 1, 


te Reverse Recovery Time 


0.2 pF 


D.U.T. 


TEST CIRCUIT 


0 


peclicie 


CONDITION 1: Adjust Vin for 


lem = 10mA 
CONDITION 2: Adjust Vin 
for Vg =6V 
INPUT VOLTAGE WAVEFORM OUTPUT CURRENT WAVEFORMS 
(See Note a) (See Note b) 


FIGURE 1 — REVERSE RECOVERY TIME 


WOTES: a. The inpot pulse is supplied by @ generator with-the following characteristics: Zoy¢ = 50.0, t, < 0.5 ns, $, = 100 ns. 
b. Ovtput waveforms are monitored on on oscilloscope with the fellowing characteristics: t, << 0.6 ns, 2, = 50.8. 


’ HNPUT Adjust for 
Ip = 100 mA 
509 
INPUT OUTPUT 


D.U.T. ourpur Vemirec) 


TEST CIRCUIT VOLTAGE WAVEFORMS 
(See Notes c and d) 


FIGURE 2 — FORWARD RECOVERY VOLTAGE 


WOTES: ¢. The input pulse is supptied by @ generator with the fellowing characteristics: 2.4 = 50.0, t, < 30 ns, = 300 ns, PRR = 5 to 300 kHz. 
@. The output waveform is monitered on an oscilloscope with the following characteristics: t, < as, Rin = Veo, G, < 5 pF. 
* JEDEC registered date 


TYPES 1N4606 THRU 1N4608 
SILICON SWITCHING DIODES 


BULLETIN NO. DL-S 739271, OCTOBER 1966—REVISED MARCH 1973 


FAST HIGH-CURRENT CORE-DRIVER SWITCHING DIODES 
@ Rugged Double-Plug Construction 


mechanical data 


Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


*ALL JEDEC DO-36 DIMENSIONS AND NOTES ARE APPLICABLE 


OumeT 


HA o.020 t 0002 DIA 
2 LEADS 
L. 9.050 
‘SEE 


CATHODE END tS DENOTED 
NOTE: TWRTON THES TOME DIAMETER OF EACH LEAD 15 UNCONTROLLED BY COLOR BAND 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Vamiweg) Working Peak Reverse Voltage:.6 a es, a We OO a a wt 70V 
P Continuous Power Dissipation at (or below) 25°C Free-Air 

Temperature (See Note1). 2. 2. 2 2. 1 we kw ek » « «.500mW 
Titg Storage Temperature Range. 2 2... 1... ee ew 65°C to 200°C 
h Lead Temperature 1/16 Inch from Case for 10 Seconds . . . jal eee ec eg 8002E 


“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


1N4608 
iT! | IN4606 | 1N4607 | 
ne TET SONOITIONS [MIN MAX | MIN MAX [MIN MAX] 
Vion) Reverse Breakdown Voltage | In = 100 uA 


| 8s | 

jvwe=S0V CdS 

In Static Reverse Curent = | Ve=70V | SOS 
Ye = 50V, Ta = 100°C ae ae | 


0.43 0.55 /0.39 0.50 [0.39 0.4 
0.54 0.66 [0.50 0.61 10.50 0.60 


[= 10m 065 077 [oer 072 | 
| te = 50mA, Seo Note 2 [074 086 | 
| le = 200 mA, See Note 2 [ose to | 
lr = 250 mA, Seo Note? [tt [oa 0.95 [oar 08 
[ I= 350A, SeoNote2 TT. fons 0.96 
[ te = 400 mA, See Note 2 fn 

| I= 450.mA, SeoMote2 
| tz = 500mA, SeoNoww2 TT 
Cr___Total Capacitance [Me=0, f= iwi as Ta 


NOTES: 1. Derute linearly to 200°C ot the rote of 2.65 m¥/°C. 
2. These parameters must be measured using pulse techniques. ty S 300 us, duty cycle < 2%. 


BBeeeee 


4 08 


Ve Static Forward Voltage 


g| |e 
oo wm 


ae 


*JEDEC registered dete 
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NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 78222 


TYPES 1N4606 THRU 1N4608 
SILICON SWITCHING DIODES 


*switching characteristics at 25°C free-air temperature 


TEST CONDITIONS 


I; = 10 mA, lam _ Tm, 
ire == 0.1 mA,R, = 100 2, See Figure 1 
fe = Ino = 10 mA to 200 mA, 

ip = 0.1 Ue, R = 100 0, See Figure 2 
Ie = trw = 200 mA to 400 mA, 
ine = 0.1 Ip, Re = 100 ©, See Figure 2 


= 10 mA, lay = 10 mA, 

= 1mA, R = 100 2, See Figure 1 
le = 500 mA, lan = 500 mA, 
ine = 50 mA, R, = 100 QO, See Figure 2 


PARAMETER MEASUREMENT INFORMATION 


0.05 pF 


0.2 uF D.U.T. D.U.T. 


Adjust for Adjust for 
\p = 10 mA : specified Inu 


Adjust amplitude for Adjust omplitude for 
specified Inn, specified lp 
INPUT VOLTAGE WAVEFORM INPUT VOLTAGE WAVEFORM OUTPUT CURRENT WAVEFORM 
FOR LOW-CURRENT TEST CIRCUIT FOR HIGH-CURRENT TEST CIRCUIT 


FIGURE 3 — WAVEFORMS 


WOTES: 1. input pulses are supplied by generators with the following cheracteristics. 
FIGURE 1: 2, = 500,19, < 05 ns, tp = 100 ns 
FIGURE 2: 2.4 = 500, 1, < 0.5 ns, tp = a5 
2. Output weveferms are viewed on an escillescepe with the follewing characteristics: 1, S 0.6 ns, 2, = 502. 


* JEDEC registered date 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 1N4727 
SILICON SWITCHING DIODE 


BULLETIN NO. DL-S 739330, NOVEMBER 1966—REVISED MARCH 1973 


FAST SWITCHING DIODE 


@ Rugged Double-Plug Construction 
e@ Electrically Equivalent to 1N4726 


mechanical data 


Double-piug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 


plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


*ALL JEDEC DO-35 DIMENSIONS AND NOTES ARE APPLICABLE 


0.920 + 0902 DIA 


SEE NOTE 
0.500 Mire. 


ese 
AL wee 


DIMENSIONS ARE IN INCHES 
NOTE WITHIN THIS ZONE DIAMETER OF EACH LEAD IS UNCONTROLLED. 


CATHODE END IS DENOTED BY COLOR BAND 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Vamiwtg) Working Peak Reverse Voltage. . . . . . . se ee ew ew ew we we 2OV 
P Continuous Power Dissipation at (or below) 25°C 

Free-Air Temperature (See Note 1). . 2. . . 2... 1 ew ee ee ee 500 mW 
Tatg Storage Temperature Range . + + + 65°C to 200°C 


Th Lead Temperature % Inch from Case for 10 Seconds . . . 1 1 2. ee. 800°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 
Reverse Breakdown Voltage 


TEST CONDITIONS 
Ip as 5 A 
Vp = 20¥ 
Ve=20V, Ta = 100°C 
Ip = 10mA 


Static Reverse Current 


Static Forward Voltage 
Total Capacitance 


*operating characteristics at 25°C free-air temperature 


|____PARAMETER sd STEST CONDITIONS _| MIN_MAX [UNIT _] 
0 | Qs Stored Charge k=10mA, SeoNote2 | = 40 | =p i 


NOTES: 1. For operation above 25°C free-air femperature, refer to Dissipation Derating Curve figure I. 


2. Stored charge is measured in accordance with JEDEC Suggested Stenderd No, 1 (June, 1966), using the test circuit of figure 2, 


* JEDEC registered data 
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TYPE 1N4727 
SILICON SWITCHING DIODE 


*THERMAL CHARACTERISTICS 


POWER DISSIPATION DERATING CURVE 


P—Maximum Power Dissipation—mW 


0 
25 50 75 100 125 150 175 
Ta—Free-Air Temperature—"C 


FIGURE 1 
*JEDEC registered data 


PARAMETER MEASUREMENT INFORMATION 


Pulse 
Generator 
(Note a) 
(Note g) 
coulombs 


FIGURE 2—STORED CHARGE TEST CIRCUIT i 


NOTES: 


The input pulse is supptied by a generator with the following characteristics: Zo, = 10 Q, ty (1% to 50%) < 6 ns, ty = 50 ns. 

b. 14 is the reading of the meter with zero voltage across the diode under test (hence zero current through the diode under test); to 
is the reading of the meter when the specified forward current (10 mA) flows; f is the pulse-generator frequency. 

c. Vq is adjusted for Ip = 10 mA. : 

d. Va is adjusted so that the voltage between point A and ground is —0.6 V when the diode under test is conducting forward 
current. 

@, The stored charge of diode D4 is small compared to the stored charge of the diode under test. 

f. The reverse recovery time of diode Do is short relative to the 50-ns input pulse. 


g. The resistance of the current meter is sufficiently low that doubling it does not affect the reading by more than the required 
accuracy. 


373 PRINTEO IN U.S.A. 
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IN QROER TO IMPROVE DESIGN AND 10 SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 1N4728 THRU 1N4752, 1N4728A THRU 1N4752A 
SILICON VOLTAGE-REGULATOR DIODES 


BULLETIN NO. DL-S 7311949, MARCH 1973 


Vz...3.3V to 33V 
Pp...1W 


e Available in 5% and 10% Tolerances 
e Rugged Double-Plug Construction 


mechanical data 


These voltage regulator diodes have been designed using the best of both silicon material processing and packaging 
technologies. The silicon die is a planar oxide-passivated structure which has additional true-glass passivation over the 
junction. The double-plug package, proven by years of volume production, ensures the best in mechanical integrity and 
the lowest possible junction temperature when compared to the thermal characteristics of whisker packages. 


*OUTLINE DRAWING 
FALLS WITHIN JEDEC DO-41 OUTLINE 


Bio 583 DIA 
e/a 
C3 ae en Bee 
WML. 


{SEE NOTE) 
1.10 MIN $38 1.10 MIN 
DIMENSIONS ARE IN INCHES 


NOTE: Within this zone lead diameter CATHODE END IS DENOTED 
is uncontrolled. BY A COLOR BAND 


absolute maximum ratings at specified free-air temperature (unless otherwise noted) 


*Steady-State Regulator Current, 17M, at (or below) 50°C (SeeNote1) ......2.2.. =... SeeTable1 

*Nonrepetitive Reverse Surge Current, IRgM, at (or below) 25°C (See Note2) .. . ....... SeeTable1 

*Continuous Power Dissipation at (or below) 50°C (See Note3) ......-.- 2. 2 ee ~. IW 

“Operating Free-Air Temperature Range Sy ah BE alg fap rR, RE wah ok Dae, SCHEMES a EIR ae 65° C to 200°C 

Storage Temperature Range . . Ce ee ee ee ee ee) 665°C to 200°C 

*Lead Temperature 1/16 Inch from Case for 10 Seconds fe eet Ae ieee WO teal 2 st eel Gee 228026 
TABLE 1—CURRENT RATINGS 


'zm 'Rsm l2m IRSM 
(mA) (mA) (mA) (mA) 
1N4728, A 1N4738, A 1N4748, A 
1N4729, A 1N4739, A 1N4749, A 
1N4730, A 1N4740, A 1N4750, A 
1N4731, A 1N4741,A 1N4751,A 


1N4732, A 1N4742, A 1N4752, A 
1N4733, A 1N4743, A 
1N4734, A 1N4744,A 
1N4735, A 1N4745, A 
1N4736, A 1N4746, A 
1N4737, A 1N4747, A 


NOTES: 1, The nominal iz, currents shown are applicable for devices having regulator voltages approximately 10% above the nominal Vz 
values shown under electrical characteristics. These values do not represent absolute limits. The actual steady-state current-voltage 
product must not exceed the power rating. 

2. These values apply for an 8.3-ms square-wave pulse superposed on a steady-state reverse current equal to '2(T) as shown under 
electrical characteristics. 
3. Derate linearly to 200°C at the rate of 6.67 mW/°C. See Figure 1. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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10-52 TEXAS INSTRUMENTS 


INCORPOR 
POST OFFICE BOX $012 » DALLAS, TEXAS 75222 


TYPES 1N4728 THRU 1N4752, 1N4728A THRU 1N4752A 
SILICON VOLTAGE-REGULATOR DIODES 


*electrical characteristics at 25°C free-air temperature 
CHARACTERISTICS 


v 72 _ TEST CURRENT 
z Smaill-Signal Small-Signal 


PARAMETER Regulator Regulator Regulator Knee AND VOLTAGE 


Impedance Impedance 


TEST CONDITIONS 


1N4728, A 
1N4729, A 
1N4730, A 
1N4731,A 
1N4732, A 
1N4733, A 
1N4734, A 
1N4735, A 
1N4736, A 
1N4737,A 
1N4738, A 
1N4739, A 
1N4740, A 
1N4741,A 
1N4742, A 
1N4743, A 
1N4744, A 
1N4745, A 
1N4746, A 
1N4747,A 
1N4748, A 
1N4749, A 
1N4750, A 
1N4751,A 
1N4752, A 


tye tolerance is t10% for 1N4728 through 1N4752; +5% for 1N4728A through 1N4752A, | 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE | 


Pp—Maximum Dissipation—W 


0 25 60 75 100 126 180 175 200 5 | 
Ta—Free-Air Tempersture—"C 


FIGURE 1 
*JEDEC registered data 
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TYPE IN4938 
SILICON SWITCHING DIODE 


BULLETIN NO. DL-S 7311938, JUNE 1973 


HIGH-VOLTAGE SWITCHING DIODE 
e Rugged Double-Plug Construction 


mechanical data e Electrically Equivalent to 1N3070 


Double-plug construction affords integra! positive contacts by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 


plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


*ALL JEDEC DO-35 DIMENSIONS AND NOTES ARE APPLICABLE 


DUMET 
Seco OM 
0.070 + 00027 DIA 
‘2 LEADS 


‘SEE NOTE 
0.500 MIN 


DIMENSIONS ARE IN INCHES CATHODE END IS DENOTED 


NOTE: WITHIN THIS ZONE DIAMETER OF EACH LEAD IS UNCONTROLLED BY COLOR BAND 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


*Peak Reverse Voltage . . . eet Sy ate Ge Sa, QOOV 
Steady-State Forward Current at (or below) 25° Cc Frew Tannetanins (See Note 1) woe ew we ew we ws 150MA 
Peak Surge Current, One Second (See Note 2) ow od. oe Ch ee, GA ae eae ane aeinis. ace SOOMA 
Peak Surge Current, One Microsecond (See Note 2} te CS ee ete es Be He 2A 

*Continuous Power Dissipation at (or below) 25°C Free-Air Tanperatace (See Note 3) See Boe : 250 mW 

*Storage Temperature Range . The mah cee wes ROL Sy a ce 65° Cto 200° c 

*Lead Temperature 1/16 Inch from Case ‘for 2 Seconds Bn oh te Ey A ee Be ener seve gs ape 2250 C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


V(BR) Reverse Breakdown Voltage Pig=0tmA 


Ge netaae ata ea ean Vr = 175 V | Ot 
ic Reverse Curren 
Z Va=175V,  Ta= 160°C |___100 | 


Ve ___ Static Forward Voltage Pig=100ma 
Cr Total Capacitance VR =0, f= 1MHz 


*operating characteristics at 25°C free-air temperature 


le = 30 mA, IRM=30mA, Ry, = 1002, 
CL=<3pF, ip-=1mA, See Figure 2 


ter Reverse Recovery Time | so | 


PARAMETER TEST CONDITIONS | MIN MAX | UNIT | 


| PF | 
Po CSCPARAMETER | TESTCONDITIONS MIN MAX [UNIT] 


NOTES: 1. This value may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. Derate linearly to 


0 at 200°C free-air temperature. 


2. These values apply for the specified square-wave pulse with the device at nonoperating thermal equilibrium immediately prior to 


the surge. 
3, For operation above 25°C free-air temperature, refer to Dissipation Derating Curve, Figure 1. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPE 1N4938 
SILICON SWITCHING DIODE 


THERMAL CHARACTERISTICS 
DISSIPATION DERATING CURVE 


REERERES 
RSURERES 
VRS Eeae 

BERN We 


P—Maximum Continuous Power Dissipation-~mW 


0 25 50 75 100 125 180 175 200 
Ta—Free-Air Temperature—°C 
FIGURE 1 


PARAMETER MEASUREMENT INFORMATION 


0.01 uF OUT. 0.01 pF 


INPUT OUTPUT 


0 Tha 
Adjust amplitude 
for IRM = 30 MA 


INPUT VOLTAGE WAVEFORM OUTPUT CURRENT WAVEFORM 


NOTES: a. The input pulse is supplied by a generator with the following characteristics: Zou; = 50 &, tr < 0.5 ns, ty = 100 ns. 


b. The output waveform is monitored on an oscilloscope with the following characteristics: ty © 0.5 ns, Zjn = 50 2. 
FIGURE 2—REVERSE RECOVERY TIME 
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TYPES 1N5226 THRU 1N5257, 


1N5226A THRU 1N5257A, 1N5226B THRU 1N5257B 
SILICON VOLTAGE-REGULATOR DIODES 


BULLETIN NO. DL-S 7311944, MARCH 1973 


Vz...3.3V to 33V 
Pp... 500 mw 


e Available with 5%, 10% and 20% Tolerances 
@ Rugged Double-Plug Construction 


description and mechanical data 


These voltage regulator diodes have been designed using the best of both silicon material processing and packaging 
technologies. The silicon die is a planar oxide-passivated structure which has additional true-glass passivation over the 
junction. The double-plug package, proven by years of volume production, ensures the best in mechanical integrity and 
the lowest possible junction temperature when compared to the thermal characteristics of whisker packages. Because of 
this rugged double-plug (heat-sink) package, these devices offer very conservatively rated power dissipation capabilities. 


FALLS WITHIN JEDEC DO-7* DIMENSIONS 
CATHODE END tS DENOTED BY A CONTRASTING COLOR BAND 


ZOE ore 


ee 


DIMENSIONS ARE IN INCHES 
NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD 1S UNCONTROLLED 


*absolute maximum ratings at specified lead temperature 


Steady-State Regulator Current, Izfy, at (or below) 75°C «ww ww we eee ee et © See Table 2 
Continuous Power Dissipation at (or below) 75°C (SeeNote1) 2. 2. 2 2 2 ee ee ee ee SOOMW 
Peak Nonrepetitive Reverse Surge Power at 55°C (See Note2) 2. 2 2. 2 es » eo es 10W 
Operating Lead Temperature Range... Lg Ie ites, Ae aie te Yan <i abet age te tak Se ” “65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds gee AI Nee val A they ota eee Us oe Se a ware HBOS 


TABLE 1-STEADY-STATE REGULATOR CURRENT 


1N5226, A, B 1N5242, A,B 1N8250, A, 8 
1N6227, A, B 1N52385, A, B 1N6243, A, B 1N5261, A, B 
1N5228, A, B 1N5236, A, B 1N6244, A,B 1N5262, A, B 


1N5229, A, B 1N5237, A, B 1N6245, A, 8B 1N5263, A, B 
1N6230, A, B VA, 1N5246, A, B 1N6264, A, B, 
1N6231, A, B 89 1N5239, A, B 1N6247, A, B 1N52656, A, B 
1N5232, A, B 1N5240, A, 8 1N65248, A, B 1N6256, A, B 
1N5233, A, B 1N5241, A,B 1N5249, A, B 1N5257, A, B 


tthe nominal Izy currents shown are applicable for devices having regulator voltages approximately 10% above the nominal Vz values shown 


under electrical characteristics. These values do not represent absolute limits. The actual steady-state current-voltage product must not exceed 
the power rating. 


NOTES: 1. Derate linearly to 200°C lead temperature at the rate of 4 mw/’c. 


10-66 


2. This value applies for an 8.3-ms square-wave pulse with the device at nonoperating thermal equilibrium immediately prior to the 
surge. 


*JEDEC registered date. This data sheet contains al! applicable registered data in effect st the time of publication. 
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TYPES 1N5226 THRU 1N5257, 
1N5226A THRU 1N5257A, 1N5226B THRU 1N5257B 
SILICON VOLTAGE-REGULATOR DIODES 


1N5226 THRU 1N5257 
*electrical characteristics at 26°C lead temperature 
CHARACTERISTICS 


Vz 
Regulator 
Voltage 
TEST 


CONDITIONS See Note 3 


a 


3.3 
3.6 
3.9 
4.3 
47 
5.1 


TEST CURRENT 


| 


AND VOLTAGE 


i 


tr 
Static 
Reverse 
Current 
pMAX 
a a 
100 
100 
75 
50 
50 
50 
50 
50 
50 
30 
30 
30 
30 
30 
30 
30 


tvz tolerance is 20% for 1N5226 thru 1N5257. See next page for 5%-tolerance and 10%-tolerance devices. 
NOTE 3: Vz is measured with the device at thermal equilibrium while held in clips at least 3/8 inch from the case in still air at 25°C. 
*JEDEC registered data 
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TEXAS, INSTRUMENTS 10-57 


NCORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


TYPES 1N5226 THRU 1N5257, 
1N5226A THRU 1N5257A, 1N5226B THRU 1N5257B 
SILICON VOLTAGE-REGULATOR DIODES 


1N5226A THRU 1N5257A AND 1N5226B THRU 1N5257B 
*electrical characteristics at 25°C lead temperature (unless otherwise noted) 


CHARACTERISTICS 
avZ 
Temperature 
Coefficient 
of 
Regulator 


TEST CURRENT 
AND VOLTAGE 
PARAMETER 


Iz = 250 WA, 1N5226B 
ae = 25 uA, thru 
1N5257B 


TEST 
CONDITIONS 


-—aeat—[nomt | ame [ax [ax [aa 
A C9 


1NS226A, B 
1N5227A, B 
1N5228A, B 
1NS229A, B 
1N5230A, B 
1N5231A, B 
1N5232A, B 
1N5233A, B 
1N5234A, B 
1N5235A, B 
1N5236A, B 
1N5237A, B 
1N5238A, B 
1N5239A, B 
1N5240A, B 
1NS241A, B 
1N5242A, B 
1NS243A, B 
1N5244A, B 
1N5245A, B 
1N5246A, B 
1N5247A, B 
1NS248A, B 
1N5249A, B 
1N5250A, B 
1N5251A, B 
1N5252A, B 
i 1N5253A, B 
| 1N5254A, B 
1N5225A, B 
1N5226A, B 
1N5257A, B 
| 8vz2 tolerance is +10% for 1N5226A thru 1N5257A series; +5% for 1N5226B thru 1N5257B series. See preceding page for 20%-tolerance 
devices, 
NOTES: 3. Vz is measured with the device at thermal equilbrium while held in clips at least 3/8 inch from the case in still air at 25°C. 


(Vz @ 126°C)—-(Vz @ 28°C) 100%. 
4. Temperature Coefficient ayz = x 


SS ed 


9 


Bes 


7 

5 

8 

8 
10 
17 
22 
17 
1 

1 


Vz @25°C 125°C ~ 25°C 
For determining ayz, Vz is measured at 7.5mA for 1N5226A/1N52268 thru 1NS242A/1N5242B and at Iz7 for 
1N5243A/1N5243B thru 1N5257A/1N5257B. 

*JEDEC registered data 
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TYPES 1N5768 THRU 1N5775 
SILICON DIODE ARRAYS 


BULLETIN NO. DL-S 7311987, MARCH 1973 


CORE-DRIVER DIODE ARRAYS 
For Application With 


e Magnetic Cores @ Plated-Wire Memories 

e Thin-Film Memories e Decoding or Encoding Applications 
For Use In 

e Airborne Computers e Military Computers 

e@ Industrial Computers e Peripheral Equipment 


Electrically Equivalent to TID21A thru TID26A, TID131, TID132 
description 


These diode arrays are multiple diode junctions fabricated by a planar process and mounted in integrated circuit 
packages for use in high-current, fast-switching core-driver applications. These arrays offer many of the advantages of 
integrated circuits such as high-density packaging and improved reliability. These advantages result from such factors as 
fewer connections, more uniform device parameters, smaller size, less weight, fewer glass-to-metal seals, and the 
elimination of pressure contacts and whiskers. 


*terminal assignments and schematics 


1N6768, 1N5769 1N5770, 1NS771 
8-DIODE ARRAY (COMMON CATHODE) 8-DIODE ARRAY (COMMON ANODE) 
10-PIN PACKAGE ; 10-PIN PACKAGE 
@ No internal connection : @ No internal connection 
1N5772, 1NS773 , 1N5774, 1NS775 
16-DIODE ARRAY DUAL 8-DIODE ARRAY 
10-PIN PACKAGE 14-PIN PACKAGE 


SEE OOM YOO OW 


oes No internat connection 


*JEOEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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: *absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


TYPES 1N5768 THRU 1N5775 
SILICON DIODE ARRAYS 


mechanical data 


These hermeticaliy-sealed packages consist of a ceramic base®, metal cap®, and a 10- or 14-lead frame. Gold-plated 
leads require no additional cleaning or processing when used in welded or soldered assembly. 


*OUTLINE DRAWINGS 
1N5768 THRU 1N5773 1NS774, 1N5775 


OQ@QOOOO 
ype BRS toveans = toreans BER i [op anions >| + 888 gc bt atic 


1N5768 
if THRU 


14N5773 


1N5774 
1N5775 


sae 
OCOOOOO 4 
Gi 
NOTES: a. All dimensions are in inches, 


b, Leads are within 0.005 radius of true position (TP) at maximum material condition, 
c, This dimension determines a zone within which all body and lead irregularities lie, 
d, Terminat identification Is provided by either an index tab on pin 1 or an index dot. 


t Registered dimension is 0.120 min, 0.260 max 
¥ Registered dimension 1s 0.240 min, 0.375 max 


* The JEDEC registration allows these devices to be built with top and bottom surfaces either metallic or nonmetallic at the option of the 
manufacturer. . ‘ 


“ 8-DIODE ARRAYS (COMMON CATHODE) 
&-DIODE ARRAYS (COMMON ANODE) 


‘| EACH DIODE 
DEVICE 
1N5768 | 1N5769 
UNIT 
1N8770 | 1N5771 ALL 
16-DIODE ARRAYS 1N5772 | 1N5773 | TYPES 
DUAL 8-DIODE ARRAYS 1NS774 | 1NS775 


[Peak Reverse Voitage GeeNow i) SCSCSCSCSCSCS~SC SY 
Stood Stato Reverse Voltage, Va _———SCSCSCSCSCSCSCSCSSSSSCCSCSY 4 
Feak Forward Gurrent at (or below) 26°C Free Ar Temperature SGeeoNows Tanda) | 500 ra] 
[Continuous Forward Current et (or below) 25°C Free-Air Temperature (SeeNote3) | 300 
Continuous Power Disipation at (or below) 25°C Free-Air Temperature (SeeNowe a) |_| rs 
POpereting Free-AkTemperture fangs Cd BOC“ 
[Storage Temperature Range SSS 0880 200 —*d 
[teed Tervperature 1/16 inch from Guse for 10Seconds——SSSCSC~C~—~—CSCSCSCSCSC‘“dTCSCSCSC~C~tCSC*C“‘CSC‘*S 


NOTES: 1. These values apply for t,, < 100 us, duty cycle < 20%. 
2. Derate linearly to 150°C free-air temperature at the rate of 4 maAsc. 
3. Derate linearly to 150°C free-air temperature at the rate of 2.4 mASC. 
4. Derate linearly to 150°C free-air temperature at the rate of 4 mW/C. 
*JEDEC registered data 
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TYPES 1N5768 THRU 1N5775 
SILICON DIODE ARRAYS 


*electrical characteristics at 25°C free-air temperature 
single-diode operation (see note 6) 


1N5770 
1N5772 
1N5774 


PARAMETER 


‘ VrR=40V, 
IR Static Reverse Current ya TOS V, 


[Ve Static Forward Voltoge | Ip=100mA_—_— 
if = 500 mA, See Note 
Varo, f= 1 MHz 


multiple-<diode operation 


ALL TYPES 
PARAMETER TEST CONDITIONS UNIT 


Im Static Reverse Current VrR=ratedVR, See Note 10 fT 10 | aA | 
Ve Static Forward Voltage Ip = 25 mA, See Note 10 an 


*switching characteristics at 25°C free-air temperature 


single-diode operation (see note 6) 


ALLT 
PARAMETER TEST CONDITIONS NEES 


ter Forward Recovery Time Ip = 500 mA, See Figure 3 


te = 200 mA, IRM = 200 mA, 


ter Reverse Recovery Time Ry, = 100 2, ipp = 20mMA, 
See Figure 4 


NOTES: §&. This parameter must be measured using pulse techniques. ty, = 100 us, duty cycle < 20%. 
6. Test conditions and limits appty separately to each of the diodes. The diodes not under test are open-circuited during the 
measurement of these characteristics, except for the measurement of Im on arrays having both common-cathode and 
common-anode diodes (see Figures 1 and 2). ‘ : 


+ ="! + 9) For arrays having both common-anode-and-common-cathode diodes see Figures 1 and 2; Parameter Measurement Information” 


section. 
8. This parameter is measured using pulse techniques. ty, = 300 us, duty cycle < 2%. Read time is 90 us from the leading edge of the 
puise. 3 ® : , 
9. The initial instantaneous value is measured. using pulse. techniques. tw. = 150 ns, duty cycle <-2%, pulse rise time < 10 ns. The 
‘ total capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. . 7 ‘ 7 
10. These parameters are measured with each of the other diodes in the section conducting 25 mA forward current. Each diode is 
individually tested after the device reaches operating thermal equilibrium. Test conditions apply separately to common-anode and 
common-cathode sections. . 


< 

ter is the total pin-to-pin capacitance measured across any of the diodes. For arrays having both common-anode and common-cathode 
sections, the interaction of the other diodes cannot easily be separated out unless three-terminal guarded measurement techniques are used. 
The actual capacitance of a single isolated diode will typically be 30% of the measured pin-to-pin value for the common-cathode diodes, and 
75% of the measured value for the common-anode diodes. 


*JEDEC registered data 
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TYPES 1N5768 THRU 1N5775 
SILICON DIODE ARRAYS 


PARAMETER MEASUREMENT INFORMATION 


When measuring the reverse current of an individual diode of a device having both common-anode and 
common-cathode sections, the current meter must be placed so that the shunt current through the other diodes is 
bypassed around the meter. To obtain accurate readings, the voltage drop across the current meter must be less than 


10 mV. 


SHUNT CURRENT 


| 

i 
et 
i-4 


s 
Dt 
Pg 


_ 
Q=-- yd 


~ 
oe Oma = ty 


-o---D 
‘ oGQ--- 


i 
8 
-- 


~ 
a 
ras 
at 
ho 
a 


+ 
Le 


iy 
vee 
o 
-t 
w 
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Ca 
. 


SHUNT CURRENT 


FIGURE 1—TEST CIRCUIT FOR FIGURE 2—TEST CIRCUIT 
COMMON.-CATHODE DIODES FOR COMMON-ANODE DIODES 


Adjust for 
p= 500 mA 


INPUT 


102 


‘INPUT OUTPUT a a 


OUTPUT 


1 
| 
| 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 3—FORWARD RECOVERY TIME 


NOTES: a. The input pulse is supplied by a generator with the following characteristics: ty < 15 ns, Zout = 50 &, ty = 150 ns, duty cycle < 
2%. 
b. The output waveform is monitored on an oscilloscope with the following characteristics: ty < 4.5 ns, Rin > 1 M82, Cin <5 pF. 


SP EE SS 
37: 
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TYPES 1N5768 THRU 1N5775 
SILICON DIODE ARRAYS 


PARAMETER MEASUREMENT INFORMATION 


0.05 uF o.uT. 


Adjust amplitude 


Adjust for 
for ip™ 200 mA 


Hany 2 200 mA 
INPUT VOLTAGE 
WAVEFORM = 


TEST CIRCUIT 


q 
1 
i) 
| 
uJ 
4.—— 1, ——4l 


OUTPUT CURRENT WAVEFORM 


FIGURE 4—REVERSE RECOVERY TIME 
NOTES: c. The input pulse is supplied by a generator with the following characteristics: tp < 1 ns, Zoyuy = 50 2, ty = 200 ns, duty 
cycle < 1%, 
d, The output waveform is monitored on an oscilloscope with the following characteristics: tp < 0.4 ns, Rin = 50 2. 


TYPICAL CHARACTERISTICS 
FORWARD CONDUCTION CHARACTERISTICS 


\p—Forward Current—mA 


“09 02 04 06 O08 10 12 14 1.6 
Vp—!nstantaneous Forward Voltage—V 


FIGURE 5 
NOTE 8: This parameter is measured using pulse techniques. ty = 300 us, duty cycle = 2%. Read time is 90 ys from the leading edge of the | 
pulse. 
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TYPE G128 
SILICON STABISTOR DIODE 


BULLETIN NO. DL-S 7311936, MARCH 1973 


FOR STABISTOR APPLICATIONS 


e Meter Protectors © Signal Limiters 
e@ Temperature Sensors e Voltage Stabilizers 
e Transistor Biasing e@ Logarithmic Attenuators 


mechanical data 


Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


FALLS WITHIN JEDEC DO-7 DIMENSIONS 
CATHODE END IS DENOTED BY A CONTRASTING COLOR BAND 


2.265 
| 0.230 0.020 = 0.002 DIA 
2 LEADS 
COIIIIIMUIMLEDL A, 


| 
| ee 


é 
LLLiLLL LAA AM AMAL 


DIMENSIONS ARE IN INCHES 
NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD IS UNCONTROLLED 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Peak Reverse Voltage 6 6 6 we ee eee TOV 
Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note 1) woe ee ew ew ew ws 250MA 
Repetitive Peak Forward Current at (or below) 25°C Free-Air Temperature (See Note2) ..... 2... 1A 
Peak Surge Current, One Second (SeeNote3) 6 ww ee ee ee ee 1S A 
Storage Temperature Range ww ee eee 65°C to 150°C 


electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS | MIN MAX|U 
IR Static Reverse Current VRz2V rw 
Fe 


500 1 
Vv Static Forward Voltage fie=ima 610 


if Small!-Signal Forward Resistance Pigp=1mA, —f=1kHz | 


|< 


NOTES: 1. Derate linearly to 150°C free-air temperature at the rate of 2 mA/c. 

. This value applies for a 60-Hz sine wave. 

. This value applies for a one-second square-wave pulse with the device at nonoperating thermal equilibrium immediately prior to 
the surge. 


on 
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TYPE 6129 
SILICON STABISTOR DIODE 


TYPICAL APPLICATIONS 


TEMPERATURE-SENSING BRIDGE + SENSING 
UNIT 
The temperature coefficient of the REF UNIT 

stabistor makes it well-suited to 

bridge circuit sensing opplications. 


BASE-CLAMPING DIODE 


The stabistor in this circuit provides 
protection for transistors having low 
Viar)EvO" by clamping the reverse 
base voltage. This type of protec- 
tion allows high collector currents 
and does not require additional 
base bias. 


LOGARITHMIC ATTENUATORS 
The characteristic of the stabistor 
approximates a log function accord- f v4 
ing to the equation: 


ve ae at ln (E) 
q heat 
where: 
K = Boltzmann's Constant 
T = Free-Air Temperature 
in ° Kelvin 
q = Charge on an Electron 
i, = Forward Diode Current 


2” may be considered an effi- 
dency factor, which, for an 
efficient stabistor, is a num- 
ber close te one. 


1,44 = Diode Saturation 
Current (= 10°9 omp) 


for vy, > 


xT 
and —_— ~~ 25.5 mV at Ty = 25°C 


METER PROTECTION + 


The low threshold voltage of the 
stabistor will protect a sensitive mi- 
croammeter from over voltage while 
allowing normal operation. 


STABILIZED TRANSISTOR BIAS 


—4 


The stabistor provides temperature 
compensation proportional to the 
temperature coefficient of the base- 
emitter diode of the transistor. 


TRANSISTOR EMITTER VARISTOR + 


The stabistor, acting as a variable 

emitter resistor for switching appli- 

cations, presents a high small-signal 

impedance for a low d-c emitter cur- 

rent and a low small-signal imped- 

ance for a high d-c emitter current. 

The temperature dependence of the 

d-c voltage across the stabistor must 

be allowed for in setting the quies- - 
cent biasing of the transistor. 
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TYPE G130 
SILICON STABISTOR DIODE 


BULLETIN NO. DL-S 7311937, MARCH 1973 


FOR STABISTOR APPLICATIONS 


e Meter Protectors e Signal Limiters 
e Temperature Sensors e@ Voltage Stabilizers 
e Transistor Biasing e Logarithmic Attenuators 


mechanical data 


Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


FALLS WITHIN JEDEC DO-7 DIMENSIONS 
CATHODE END IS DENOTED BY A CONTRASTING COLOR BAND 


foes OA a [tito oan ano = 0.002 DA 


LLL LA A ELMAN 


ae ree 


2) 6 ; 
5 ie WZZLLLLLLLLLLLD 
1.0 MIN 


DIMENSIONS ARE IN INCHES 
NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD IS UNCONTROLLED 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Peak Reverse Voltage 6. 6 ww 6V 
Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note 1) toe ee ew ee ws 180 MA 
Repetitive Peak Forward Current at (or below) 25°C Free-Air Temperature (See Note2) ......... O5A 
Peak Surge Current, One Second (See Note 3) ods NE i dt OS ee be Oy ee GS ae a 3 OBA 
Storage Temperature Range. | ww —65°C to 150°C 


electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS | MIN MAX/ UNIT 

IR Static Reverse Current VR=2V rt | A | 
=imA Vv 

vie tutte Conard Voltage 570700 


lg 
| Ip = 100 mA ieee 
Small-Signal Forward Resistance fip=tma, f=ikHe | 60] 2 | 


NOTES: 1. Derate linearly to 150°C free-air temperature at the rate of 2 maA/c. 
2. This value applies for a 60-Hz sine wave. 
3. This value applies for a one-second square-wave pulse with the device at nonoperating thermal! equilibrium immediately prior to 
the surge. 
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TYPE G130 
SILICON STABISTOR DIODE 


RN I TT I IE i IS I ET ILE 
TYPICAL APPLICATIONS 


TEMPERATURE-SENSING BRIDGE =. METER PROTECTION + 
The low threshold voltage of the 
stabistor will protect a sensitive mi- 
croammeter from over voltage while 
allowing normal operation. 


ne 
The temperature coefficient of the REF UNIT 


stabistor makes it well-suited to 
bridge circuit sensing applications. 


BASE-CLAMRING: DIODE STABILIZED TRANSISTOR BIAS 


The stabister in this circuit provides 
protection for transistors having low 
Vienjeno- by clamping the reverse 
bose voltage. This type of protec- 
tion allows high collector currents 
and does not require additional 
base bi 


—} 


The stabistor provides temperature 
compensation proportional to the 
temperature coefficient of the base- 
emitter diode of the transistor. 


LOGARITHMIC ATTENUATORS 
The characteristic of the stabistor . 

approximates a log function accord- f ve 
ing to the equation: 


ve oe =“ in (E) 


1 TRANSISTOR EMITTER VARISTOR + | 
‘sat 
where: 
i , The stabistor, acting as a variable 
K = Boltzmann's Constant . emitter resistor for switching appli- 
T = Free-Air Temperature 1» may be considered an effi- cations, presents a high small-signal 
in © Kelvin Gency factor, which, for an impedance for a low d-c emitter cur- 
q == Charge on an Electron efficient stabistor, is a num- rent “ git ay imped- 
ae 4 ance for a high d-c emitter current. 
1, = Forward Diode Current ber close to one. The temperature dependence of the 
‘ , ; d-¢ voltage across the stabistor must 
I,,, = Diode Saturation be ollowed for in setting the quies- _ 
Current (== 10°'2 amp) cent biasing of the transistor. 
for vy; > 7 and ms 25.5 mV at T, = 25°C 
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TYPES TIS1 THRU TIGO 
SILICON GENERAL PURPOSE DIODES 


BULLETIN NO. DL-S 739040, AUGUST 1966—REVISED MARCH 1973 


© VRM(wkg) - -- 10 to 300 Volts 
e@ Rugged Double-Plug Construction 


mechanical data 


Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


FALLS WITHIN JEDEC DO-7 DIMENSIONS 
CATHODE END IS DENOTED BY A CONTRASTING COLOR BAND 


0.020 = 0.002 DIA 
2 LEADS 


eee inna 


a 
LLLLLELLLLLLLLLL 
0.050 MAX 


SEE NOTE 
1.0 MIN 


DIMENSIONS ARE IN INCHES 
NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD IS UNCONTROLLED 


absolute maximum ratings 


T1517] Ti52 | TIS3 | TH54 | TSS | TI56] TI57| TIS8] TI59| 


elaisielel= (alia 


Working Peak Reverse Voltage 
at 25°C Free-Air Temperature 
Continuous Power Dissipation 
P at (or below) 25°C Free-Air 
Temperature (See Note) 
Operating Free-Air 
Temperature Range 
Storage Temperature Range 


Vem(weg} 


—65 to 100 
~65 to 125 


PARAMETER 


Reverse 
Ves} Breakdown Ip = 
Voltage 


Static 
Reverse = Rated Vamiwkg) 
Current 


Static = 200 mA 
Ve Forward 
Voltage |! = 400 mA 


NOTE: Derate linearly to 100°C free-air temperature at the rate of 5.33 mW/C. 
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TYPES TI71 THRU T1175 
SILICON SWITCHING DIODES 


BULLETIN NO. DL-S 7311981, MARCH 1973 


MEDIUM-SPEED SWITCHING DIODES 
e For Industrial Switching Applications 
e@ Rugged Double-Plug Construction 


mechanical data 


Double-plug construction affords integra! positive contacts by means of a thermal compression bond. Moisture-free 
stability is ensured through hermeti sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to ailow extreme temperature excursions. Hot-solder-dipped leads are standard. 


CATHODE END tS DENOTED BY COLOR BAND 


sai SG so oe 


a a 


oe |e oa ma iat 
0.220 MAX 
1.0 IN 1.0 MIN 


DUAENSIONS ARE IN INCHES 
NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD IS UNCONTROLLED 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Peak Reverse Voltage .. . i ee ed o acs, 40V 
Continuous Power Dissipation at ior batow) 25° Cc Fie Ake Tenperatire (See Note 1) woe ee ee ew . 6250 mW 
Storage Temperature Range. Cc ee ee ee ee ee) 65°C to 200°C 
Lead Temperature 1/16 Inch from: Case for 10 Seconds bik den BR, Ae Cathe fod ny Bet a Bete ae? -SOOES. 


electrical characteristics at 25°C free-air temperature 


Ti Ti72 TI76 
eee se Saale bias a aR [TR Twin max| UNIT 
down Voltage 


Static Ri 
is ic aia ee 20V 
urren 

VR=35V 


Static Forward 


Vv 
7 Voltage 


ip=75mA 


switching characteristics at 25°C free-air temperature 


: a ae TI72 ra bat aoe Timm eae] TI74 TI75 
PARAMETER TEST CONDITIONS La eae] UNIT | 


ip =10mA, tRu 2 10mA, 
R_ = 1002, CL =10pF, 
ipp = 1™MA, See Figure 1 


NOTE 1: Derate linearly to 200°C free-air temperature at the rate of 1.43 mwW/°C. See Figure 2. 
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TYPES 1171 THRU 1175 
SILICON SWITCHING DIODES 


PARAMETER MEASUREMENT INFORMATION 


0. 05 pF 


Adjust amplitude 
for lnm 210 mA 


INPUT VOLTAGE WAVEFORM 


0.U.T. 


OUTPUT CURRENT WAVEFORM 


FIGURE 1 — REVERSE RECOVERY TIME 


NOTES: s. The input pulse is supplied by a generator with the following characteristics: Zout 7 50 2, te © 0.26 ns, t,, = 100 ns. 
b. Output waveform is monitored on an oscilloscope with the following characteristics: ty < 0.35 ns, Zjn = 60 2. 


THERMAL CHARACTERISTICS 
DISSIPATION DERATING CURVE 


P—Maximum Continuous Device Dissipation—mW 


Oo 25 50 75 
Ta—Free-Air Temperature—°C 
FIGURE 2 
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TYPES TI550, Ti551 
SILICON RADIATION-TOLERANT DIODES 


BULLETIN NO. DL-S 735081, MARCH 1964—REVISED MARCH 1973 


HIGH-VOLTAGE RADIATION-TOLERANT DIODES 
e Extremely Resistant to Radiation Environments 


e@ Rugged Double-Plug Construction 
mechanical data 
Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 


stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


0.085 MAX DIA. fe x 0.020 = 0.002 DIA 
2 LEADS 
4 CLL, a 


C3 


WZZILLLCLLLLLLL CATHODE END IS DENOTED 
t =| Sa Non BY COLOR BAND 
0.220 MAX 
1.0 WIN 1.0 MIN 


DUAENSIONS ARE IN INCHES 
NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD IS UNCONTROLLED 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Steady State Reverse Voltage 
Average Rectified Forward Current from —55°C to +75° 
Free-Air Temperature (See Note 1) 

Peak Forward Current from —55°C to +75°C 

Free-Air Temperature (See Note 1) 

Surge Current, One Cycle (See Note 2) 


Operating Free-Air Temperature Range 


Storage Temperature Range 


PARAMETER 


Reverse Breakdown Voltage 
Breakdown Voltage Change With Reverse Current 
Static Reverse Current 
Static Reverse Current 
Static Forward Voltage 
Total Capacitance 


TEST CONDITIONS 
fp = 100 va 


Vp = Rated Vp 
Vp = Rated Vp, Ty = 


V_ = 0,f = 1 Me 


switching characteristics at 25°C free-air temperature 
[Tee Revere Recovery Tine TY see Raed zg 


radiation-resistance characteristics at 25°C free-air temperature 


PARAMETER CONDITIONS | —Tiss0 

ue Reverse Breakdown Voltage | Ip = oe 5x10!6 e/em? 1x10!6 @/em? 200 

a et 

PS wend Vohoge [Wa totes "| set0 ofent [TH feet | 1] 

Way Rovere Breown VoRGGS | fy = 100 0 | 10 Went | tO Wet [RH 

Thee wre Coren [ Y= teed Ve BIO Rew | TIO Weak [ a [Or a 
V1 1.2 v 


Static Forward Voltage I, = 100 ma 2x10'§ N/em? | 1x10!® N/c 


‘aie levels are olectrons (0) at E = 2 Mev or neutrons (N) at E > 10 kev. 


NOTES: 1. These values may be applied continuously under single-phase, 60-cps, half-sine-wave operation with resistive load, Above 75°C, derate Io ond Ip44 linearly to 125°C 
free-air temperature. 
2. This value applies for one 60-cps half-sine-wave when the device is operating at or below rated values of peak reverse voltage and average rectified forward current, 
Surge may be repeated after the device has retumed te original thermal equilibrium conditions. 
3. Reverse recovery time is measured in the test circvit of Drawing 256-JAN with I, == 5 ma, Yp = 40 v, i, = 500 yo, R = 2 kQ, ond C, = 10 pf. 
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TYPES TID? THRU TID20 
SILICON DUAL DIODES 


BULLETIN NO, OL-S 7211699, MARCH 1972 


DUAL-DIODE CORE DRIVERS 
For Application with 
Magnetic Cores ¢ Memory Drums @ Memory Tapes 
Magnetic Discs e Diode-Capacitor Storage 


mechanical data 
TERMINAL 3 IS IN ELECTRICAL CONTACT WITH THE CASE 


0.019 
3 LEADS 018 DIA 


ALL DIMENSIONS ARE 


IN INCHES 
UNLESS OTHERWISE 


ALL JEDEC TO-18 DIMENSIONS AND NOTES ARE APPLICABLE 


schematic diagrams 


TID17, TID18 TID19, T1020 


COMMON CATHODE COMMON ANODE 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


TID17} TID18 ALL TYPE 
TID19] TID20 


[Peak Revere Voltage See Now SSCS 
| Steady State Reverse Voltage, VR 80 1 
Pook Forwerd Curent et (or below) 25°C FreoAv Temperature (See Notes and] _| —600_ 
Continuous Forward Current at lor below) 25°C Free-Air Temperature (See Nowea) | 100 
FLeed Temperature 1/16 Inch rom Gane for OSeconae—SSCSCSC~—~SC—“‘“—*S*S*~dSCS~‘“‘~*S*stsOC*C*d 


NOTES: 1. These values apply for ty, © 100 us, duty cycle < 20%. 
2. Derate linearly to 1 60°C free-air temperature at the rate of 4 maA/c. 
3. Derate linearly to 150°C free-air temperature at the rate of 0.8 mA/C for each diode and 1.6 mA/*C for the total device. 
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TYPES TIDT? THRU TID20 
SILICON DUAL DIODES 


electrical characteristics at 25°C free-air temperature 


single-diode operation (see note 4) 


ViBrR) Reverse Breakdown Voltage IR = 10 pA, See Note 5 


Sicak Wass Co [Va=30vo 


[VE Static Forward Voltage | I= 100mA 
F P35 | 
ps8] 
[= 


[MIN MAX! 


as ee 
aa) 


'F 
VEM Peak Forward Voltage lpm = 500 mA, See Note 7 


Cr Total Capacitance Vr =0, f=1MHz 


dual-diode operation (see note 8) 


PARAMETER 
= rated V 
Ip1 (or lg) Static Reverse Current Vii lor Vag) = raed Vi 
tea (or Ip 4) = 100 mA 


Ve (or Veg) Static Forward Voltage P te='e2=100mA 


TID18 
TEST CONDITIONS 
aes ee 


switching characteristics at 25°C free-air temperature 


single-diode operation (see note 4) 


PARAMETER TEST CONDITIONS aaa 


tty Forward Recovery Time Ip =500mA, See Figure 2 | 40s 


Ig =200mA, IRM= 200 mA, 
R, = 100 2, 
ipp = 20 mA, See Figure 3 
NOTES: 4. Test conditions and limits apply separately to each of the two diodes. The diode not under test is open-circuited during the 
measurement of these characteristics. 
5. This parameter must be measured using pulse techniques. ty, = 100 us, duty cycle < 20%. 
6. This parameter is measured using pulse techniques. ty = 100 us, duty cycle < 2%. Read time is 90 us from leading edge of the 
pulse. 
7. .The initial instantaneous value is measured using pulse techniques. ty = 150 us, duty cycle < 2%, pulse rise time < 10 ns. The 
total capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. 
8. Each diode is individually tested after the device reaches operating thermal equilibrium. 


Reverse Recovery Time 


re 
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TYPES TID? THRU TID20 
SILICON DUAL DIODES 


TYPICAL CHARACTERISTICS 


FORWARD CONDUCTION CHARACTERISTICS 


1 -—Forward Current—mA 


“0 02 04 06 O8 10 12 14 16 
Ve—Instantaneous Forward Voitage—V 


FIGURE 1 


NOTE 6: This parameter is measured using pulse techniques. tw = 100 ys, duty cycle < 2%. Read time is 90 ys from leading edge of the pulse. 


PARAMETER MEASUREMENT INFORMATION 


Adjust for 
ip= 500 mA 


INPUT 


102 
INPUT OUTPUT 
D.UT. OUTPUT 

] 

_L. J 

. I 

( | 

| | 

a ty he 
r 
| I 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2—FORWARD RECOVERY TIME 


NOTES: a. The input pulse is supplied by a generator with the foltowing characteristics: t, < 15 ns, Zout = 502, ty = 150ns, duty 
cycle & 2%. 


b. Output waveform is monitored on an oscilloscope with the following characteristics: ty © 4.5 ns, Rin = 1 MQ, Cin <5 PF. 


— ee 
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TYPES TID? THRU TID20 
SILICON DUAL DIODES 


PARAMETER MEASUREMENT INFORMATION 


0.05 uF 


D.U.T. 


0.001 uF Adjust for 


Adjust amplitude 
IRM = 200 mA 


for tp = 200mA 


(INPUT VOLTAGE 
WAVEFORM 


TEST CIRCUIT 


OUTPUT CURRENT WAVEFORM 


NOTES: c. The input pulse is supplied by @ generator with the following characteristics: ts < 1ns, Zou, = 50 2, ty = 200 ns, duty 


cycle < 1%. 
d., Output waveform is monitored on an oscilloscope with the following characteristics: ty < 0.4 ns, Rin # 50 2. 
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TYPES TIDZ1A THRU TID2GA, TID2SA, TID30A, 
TID121 THRU TIDI26, TID129 THRU TID134 
SILICON DIODE ARRAYS 


BULLETIN NO. OL-S 7011325, MARCH 1970 


CORE-DRIVER DIODE ARRAYS 


For Application With 
@ Magnetic Cores e Plated-Wire Memories ‘ 
e@ Thin-Film Memories e Decoding or Encoding Applications 
For Use In 
e Airborne Computers @ Military Computers 
e Industrial Computers e Peripheral Equipment 


description 


These diode arrays are multiple diode junctions fabricated by a planar process and mounted in integrated circuit 
packages for use in high-current, fast-switching core-driver applications. These arrays offer many of the advantages of 
integrated circuits such as high-density packaging and improved reliability. These advantages result from such factors as 
fewer connections, more uniform device parameters, smaller size, less weight, fewer glass-to-metal seals, and the 
elimination of pressure contacts and whiskers. 


The arrays are available in hermetically sealed, welded flat packages (F) or in dual-in-line plastic packages (N). 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


TOTAL TOTAL 
8-DIODE ARRAYS (COMMON CATHODE) = [ TID21A|_TIDZ2A Tipi21_ | T0122 
8-DIODE ARRAYS (COMMON ANODE) TID23a | TID24A T1D123 | TID124 
16-DIODE ARRAYS TIDz6a | TID26A TID125 
DUAL 10-DIODE ARRAYS TID22A | TID30A TID129 
DUAL 8-DIODE ARRAYS TID131 | _T10132 T1D133 


Peak Reverse Voltage (See Note 1) | 60 | 40 | 
Steady-State Reverse Voltage, VR | 40 | 25 | 


ees 
fee 
| erenrtemermetennon) | || 
25°C Free-Air Temperature (See Note 1) 
| stemmurmawene | me | Tt 
25°C Free-Air Temperature 
Continuous Power Dissipation at (or below) 


Operating Free-Air Temperature Range |  Bsto160 | 6510125 ve 
Storage Temperature Range —65 to 200 —65 to 150 °C 
Lead Temperature 1/16 Inch from Case for 10 Seconds 300 [i iC‘ ™S*@zSCnsCY 


NOTE 1: These values apply for ty, = 100 us, duty cycle < 20%. 


t Derate linearly to 150°C free-air temperature at the rate of 4 mAs C. 
berate linearly to 125°C free-air temperature at the rate of 5 MA/°C. 
8 Derate linearly to 150°C free-air temperature at the rate of 2.4 mALC. 
4 Derate linearly to 125°C free-air temperature at the rate of 4 mA/°C. 
©Derate linearly to 150°C free-air temperature at the rate of 4 mw/°C. 
Derate linearly to 128°C free-air temperature at the rate of 6 mW/°C, 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 +» DALLAS, TEXAS 75222 


372 


372 


TYPES TID21A THRU TID2GA, TID29A, TID30A, 
TID121 THRU TID126, TID129 THRU TID134 
SILICON DIODE ARRAYS 


F FLAT PACKAGES 14-PIN N PLASTIC DUAL-IN-LINE PACKAGES 
TID21A, TID22A T1ID121, TID?122 
8DIODE ARRAY (COMMON CATHODE) 8-DIODE ARRAY (COMMON CATHODE) 
10-PIN PACKAGE 14-PIN PACKAGE 
© C4) 
OZOLOIOIOFOLOFO Q)OOO®O OW 
@© No internal connection 0) ® 6) 63) No internal connection 
TID23A, TID24A TID123, TID124 
8-DIODE ARRAY (COMMON ANODE) 8-DIODE ARRAY (COMMON ANODE) 
10-PIN PACKAGE 14-PIN PACKAGE 
© 04) 
OXOLOIOIOCIOIOIO QOOOD® OY & 
0) No internal connection OOOO® No internat connection 
TID25A, TID26A T1ID125, TID126° 
16-DIODE ARRAY 16-DIODE ARRAY 
10-PIN PACKAGE 14-PIN PACKAGE 


® © ® No internal connection 


TID29A, TID30A TID129, T1D130 
DUAL 10-DIODE ARRAY DUAL 10-DIODE ARRAY 
14-PIN PACKAGE 14-PIN PACKAGE 
OXOICIOISIOLOOION® OXOICICIOFOFOLOIOL® 
T1O131, T1D132 TID133, T1D134 
DUAL 8-DIODE ARRAY DUAL 8 DIODE ARRAY 
14-PIN PACKAGE 14-PIN PACKAGE 


©) (=) 
QOD YOO OW QOO &®Y OO OW 
(4) @) 


O® No internal connection ©@” No internal connection 
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TYPES TID21A THRU TID26A, TID29A, TID30A, 
TID121 THRU TID126, TIDI29 THRU TID134 
SILICON DIODE ARRAYS 


electrical characteristics at 25°C free-air temperature 


single-diode operation (see note 3) 
TID23A TID24A 
TID25A TID26A 
TID29A TID30A 
TID21A TID22A TID123 TID124 
TID121 TID122 TID125 TID126 
TID129 TID130 
TID131 TID132 


PARAMETER TEST CONDITIONS 


ViBR) Reverse Breakdown Voltage IR =10HA, See Note 2 


VrR=40V, See Note 4 
; Séatla Reverse Caden’ [VR=40V, SeeNoted | 
VR = 25 V. See Note 4 


multipte-diode operation 


PARAMETER 


IR Static Reverse Current Vp = rated VR, See Note 7 
Ve Static Forward Voltage Ig = 25mA, See Note 7 


switching characteristics at 25°C free-air temperature 


single-diode operation (see note 3) 


PARAMETER TEST CONDITIONS PALL TYPES! UNIT 


ter Forward Recovery Time I¢ = 500 mA, See Figure 3 


1p = 200 mA, 


Reverse Recovery Time R_ =1002, 
See Figure 4 


NOTES: 2, This parameter must be measured using pulse techniques, ty, = 100 us, duty cycle < 20%, 

3. Test conditions and limits apply separately to each of the diodes, The diodes not under test are open-circuited during the 
measurement of these characteristics except for the measurement of |p on arrays having both common-cathode and common- 
anode diodes (see Figures 1 and 2). 

4. For arrays having both common-anode and common-cathode diodes see Figures 1 and 2, Parameter Measurement Information 
section, 

5. This parameter is measured using pulse techniques. ty = 300 us, duty cycle < 2%. Read time is 90 us from the leading edge of the 
pulse, 

6. The initial instantaneous value is measured using pulse techniques. ty = 150 ns, duty cycle < 2%, pulse rise time < 10 ns, The 
total capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. 

7. These parameters are measured with each of the other diodes in the section conducting 25 mA forward current. Each diode is 
individuatly tested after the device reaches operating thermal equilibrium. Test conditions apply separately to common-anode and 
common-cathode sections. 


ter is the total pin-to-pin capacitance measured across any of the diodes. For arrays having both common-anede and common-cathode 
sections, the interaction of the other diodes cannot easily be separated out uniess three-terminal guarded measurement techniques are used. 
The actual capacitance of a single isolated diode will typically be 30% of the measured pin-to-pin value for tha common-cathode diodes, and 
75% of the measured value for the common-anode diodes. 
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TYPES TID21A THRU TID26A, TID29A, TID30A, 
TID121 THRU TID126, TIDIZ9 THRU TID134 
SILICON DIODE ARRAYS 


PARAMETER MEASUREMENT INFORMATION 


When measuring the reverse current of an individual diode of a device having both common-anode and 
common-cathode sections, the current meter must be placed so that the shunt current through the other diodes is 


‘bypassed around the meter. To obtain accurate readings, the voltage drop across the current meter must be.less than 
10 mV. 


SHUNT CURRENT 
—_— » 


—— 
SHUNT CURRENT 


FIGURE 1—TEST CIRCUIT FOR 


FIGURE 2—TEST CIRCUIT 
COMMON.-CATHODE DIODES 


FOR COMMON-ANODE DIODES 


Adjust for 
Ip = 500 mA 


(NPUT 


109 
INPUT OUTPUT 
D.U.T OUTPUT 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 3-FORWARD RECOVERY TIME 


NOTES: a. The input pulse is supplied by a generator with the following characteristics: ty < 15 ns, Zout = 50 &, ty = 150 ns, duty cycle < 
2%, 


b. The output waveform is monitored on an oscilloscope with the following characteristics: t, < 4.5 ns, Rin # 1 MQ, Cin = 5 pF. 
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TYPES TID21A THRU TID2GA, TID29A, TID30A, 
TIDIZ1 THRU TIDI26, TIDIZ9 THRU TID134 
SILICON DIODE ARRAYS 


PARAMETER MEASUREMENT INFORMATION 


0.05 uF DUT. 


INPUT (0) 


ei Mes 


Adjust amplitude 


for 1. = 200 mA oe ofan 
t(NPUT VOLTAGE 
WAVEFORM > 


TEST CIRCUIT 


OUTPUT CURRENT WAVEFORM 


FIGURE 4—REVERSE RECOVERY TIME 
NOTES: ¢. The Input pulse Is supplied by a generator with the following characteristics: t, < 1 ns, Zout = 50 2, ty = 200 ns, duty 
cycle & 1%, 


d. The output waveform Is monitored on an oscilloscope with the following characteristics: ty © 0.4 ns, Rip, = 50 2, 


TYPICAL CHARACTERISTICS 
FORWARD CONDUCTION CHARACTERISTICS 


200 
100 eee A 
¢ 70 
H 40 
aa 
20 
So 10 Mm AwAs a 
SS SS = 
TS? LD ET RT RY 
} 4 pe i4¢#— 
e 2 a ie i 
r ie leg 
i 0.7 ==: — 
ee a se 
0.2 
aN i ey Ga a 
t') 02 #04 06 08 10 12 14 «16 
~ Vp—!nstantaneous Forward Voltage—V 
FIGURE 5 
NOTE 6: This parameter is measured using pulse techniques. tw = 300 ys, duty cycle = 2%. Read time is 90 us from the leading edge of the 
pulse. 
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TYPES TID21A THRU TID26A, TID29A, TID30A, 
TID121 THRU TID126, TID129 THRU TID134 
SILICON DIODE ARRAYS 


MECHANICAL DATA 
F flat packages 
These hermetic packages feature glass-to-metal seals and welded construction in 10-pin and 14-pin configurations. 
Package body and leads are gold-plated F-15¢ glass-sealing alloy. Approximate weight is 0.1 gram. All external surfaces 
are metallic. Devices are shipped mounted in a Mech-Pak carrier. 


TID21A, TID22A, TID23A, TID24A, TID25A, TID26A 


NOTES: 2. All dimensions in inches. 

b. Lead centertines are located within *0.005 of their true positions 
relative to body centertines. This is measured along lines located 
within 0.030 from (and parallet to) the sides of the package. 

. Not applicable in Mech-Pak corrier 


= 
OOOO 
Falls within TO-89 dimensions 


TID29A, TID3OA, 710131, TID132 


@©OO0OO __, 
i fest snace 


NOTES: a. All dimensions in inches. 
bb, Lead centaclines are located within - 0.005 of their rue positions 
relative to body centerlines. This is measured along lines located 
within 9.030 trom (and paraliel to} the sides of the package 
Not applicable in Mech Pak carrier 


m7 
DOQOOOO 
Falls within TO-&4 dimensions 


N plastic dual-in-line package 


The compound used to mold the dual-in-line package will withstand soldering temperature with no deformation and 
circuit performance characteristics remain stable when operated in high-humidity conditions. These packages are 
intended for insertion in mounting-hole rows on 0.300-inch centers. Once the leads are compressed to 0.300-inch 
separation and inserted, sufficient tension is provided to secure the package in the board during soldering. The 
silver-plated leads require no additional cleaning or processing when used in soldered assembly. | 


T1D121, T1D122, 710123, TID124, TID125, TID126, T1012, T1D130, T1D133, TID134 


MAX 146 PLACES: NOTES: 2. The trus-position pin spacing is 0.100 between centerlines, Each pin 
centerline is located within 20.010 of its true longitudinal position. 


'b. All dimensions are in inches uniew otherwise noted. 


0.033 MIN 
YAPLACES: 


(inate Falls Within JEDEC TO-116 and 


MO-001AA Dimensions 


+F-16 is the ASTM designation for an jron-nickel-cobalt alloy containing nominally 53% iron, 29% nickel, and 17% cobalt. 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES TiD31 THRU TID37 
SILICON SWITCHING DIODES 


BULLETIN NO. DL-S 738102, OCTOBER 1965—REVISED MARCH 1973 


FAST SWITCHING DIODES 


© Rugged Double-Plug Construction 


mechanical data 


Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


ALL JEDEC DO-35 DIMENSIONS AND NOTES ARE APPLICABLE 


cr SS 
\ me oumer 


0.020 + 0002 DIA, 


7A 
Mm bir 2 LEADS 
Cty L 


‘SEE NOTE 
‘0.500 MIN 0.500 MIN 


CATHODE END IS DENOTED 


DIMENSIONS ARE IN INCHES 
NOTE WITHIN THIS ZONE DIAMETER OF EACH LEAD 1S UNCONTROLLED BY COLOR BAND 


Mb31 | TID32 | T1D33 | T1D34 | TID3s | T1D36 | TID37 


Working Peak Reverse Voltage from 65°C to 


VeMiwea! 150°C Free-Air Temperature (See Note 1) * 7” ” J 
lo Average Rectified Forward Current {See Note y 150 150 150 ma 
\p Continuous Forward Current 225 225 225 ma 
lEMIsurge) Surge Current, One Second (See Note 2) 500 500 500 na 
Tatopr} Operating Free-Air Temperature Range 65 % 
Tyt9 Storage Temperature Range 65 % 


PARAMETER TID3T [TID32 | TID33 [TID34 { TID3S | TID36 | T1037 | UNIT 
Visa) Reverse Breakdown Voltage 5 


|p Static Reverse Current = 0.1 
100 


Vp Static Forward Voltage te = 150 ma 


Vp = 200 ma 1 
G Total Capacitance Yn = 0, 25 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS TID31 [T1D32 [ttD33 {T1D34 {71035 [71036 [T1037 [UNIT 
'p = 200 ma, th = 200 ma, 
ip, = ma, RR = 10022 


tr, Reverse Recovery Time 6 10 10 10 


NOTES: 1. These values may be applied continuously under single-phase, 60-cps, half-sine-wave operation with resistive load, Above 25°C, derate leq and 
Ie linearly to 0 at 150°C free-air temperature. 
2. These vatues apply for a one-second square-wave pulse with the device at nonoperating thermal equilibrium immediately prior to the surge. 
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TYPES TID38, TID39. 
SILICON SWITCHING DIODES 


BULLETIN NO. OL-S 7011243, OCTOBER 1969—REVISED FEBRUARY 1970 


DESIGNED FOR TV APPLICATIONS WHERE HIGH SPEED AND MEDIUM CURRENT 
AND VOLTAGE ARE REQUIRED 


e Video Blocking 
e Horizontal Limiting 
@ Video Clamp 


e Horizontal Phase Comparator 
e Convergence Circuitry 
e AGC Diode 


mechanical data 
Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 


stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


ALL JEODEC DO-35 DIMENSIONS AND NOTES ARE APPLICABLE 


oumer 


Nea 


LLM 


Va 


0.080 MAK 
SEE NOTE 
2700, 0.500 mun 


‘0820 


EN 0.020 t 0002 OA 
2 LEADS 


DUMENSIONS ARE IN INCHES 
OTE. WITHON THIS ZONE DIAMETER OF EACH LEAD IS UNCONTROLLED 


CATHODE ENO IS DENOTED 
BY COLOR SAND 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Peak Reverse Voltage ‘ . TV 
Continuous Power Dissipation at vlor below) 25° °C Free-Air Teniperature (See Note 1) . . . . 500 mw 
Storage Temperature Range : —65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds 250°C 


electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


ViBR) Reverse Breakdown Voltage 


TID39 


Static Reverse Current 


Static Forward Voltage 


Ip = 10 mA 


te = 100 mA 
VR=9, 
Ip=1mA, 
f= 1kHz 


f= 1MHz 
{¢=0.1mA, 


Total Capacitance 
Smaill-Signal Forward 
Resistance 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 
Ip=10mA, IRM = 10mA, 
ter Reverse Recovery Time ip = UMA, RL = 1002, 


See Figure 1 


0.5 0.75 


NOTE: 1. Derate linearly to 200°C at the rate of 2.87 mw/°C. 
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TYPES TID38, TID39 


SILICON SWITCHING DIODES 


PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


0 “LJ 
Adjust amplitude 


for Inn = 10 mA 
INPUT VOLTAGE WAVEFORM 


NOTES: 


O.U.T. 


FIGURE 1 — REVERSE RECOVERY TIME 


a. The input pulse is supplied by a generator with the following characteristics: 25 


OUTPUT CURRENT WAVEFORM 


17 502, t, £0.25 ns, t 200 ns. 


b, The output waveform is monitored on an oscilloscope with the following haastaieeled: t <o. 35 ns, Zin =502., 


TYPICAL CHARACTERISTICS 


TEMPERATURE COEFFICIENT OF STATIC FORWARD VOLTAGE 
vs 


STATIC FORWARD CONDUCTION CHARACTERISTICS 


1000 10 
—— a Le 
SE EE EST | | | 
100 a a So f a 
= gs oT [] 
¢ ———— ff 
a 4 Bo 
3 ee 
a 1 SSS SS —nw OOO |S ES & z RG 
2 =—7 Tg 2 
1 |} Ls 
“ o4 FI eee 
0.01 1 
t) 0.2 0.4 0.6 0.8 1 0.01 


Ve — Forward Voltage — V 
FIGURE 2 


NOTE 2: Temperature coefficient, ay, is determined by the fotlow!ng formula: 


(Ve @ 150°C) ~ 


ayrF = 


(Vp @ -55°C) 


150°C ~ (~65°C) 
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See Note 2 Stim a 
HAC 
in 


il Hi 
| Haat 


SUT | Hea 


——— 
ees 
———— 
ee 
—————————H 
— a 
pF} 
ed 


0.04 0.1 


.FORWARD CURRENT 


sa 
ivan 


0.4 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES TID40 THRU TID44 
SILICON SWITCHING DIODES 


BULLETIN NO. OL-S 738605, MARCH 1966—REVISED MARCH 1973 


HIGH-VOLTAGE SWITCHING DIODES 


e Rugged Double-Plug Construction 
mechanical data 


Double-plug construction affords integra! positive contacts by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


CATHODE END IS DENOTED BY COLOR BAND 


0.088 MAR: DIA: 0.180 | 0.020 = 0.002 DIA 

‘2 LEADS 
LLL LLL LLL 
oma | i ——— 
LLLLLLLELLL AL MMA 


[ T1b42 | Tib43 | TID44 | UNIT | 
Va Pk avr aig Po a | tof 
Vamtwkg) Working Peak Reverse Voltage Tov | 


\ Peak Forward Current at (or below) 
™ 25 °C Free-Air Temperature (See Note 1) 


lemjsurgey Surge Current, One Second (See Note 2) 
P Continuous Power Dissipation at (or below) 
25 °C Free-Air Temperature {See Note 3) 


Tatg Storage Temperature Range ~65 to 200 [  *c | 
Lead Temperature %s Inch from Case for 10 Seconds | °C | 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 
Vier) Reverse Breakdown Voltage | tq = 100 2A 


Ip Static Reverse Current 


Ve Static Forward Voltage 
le = 200 mA 
Cy Total Capacitance VRR=0, t=1MHz 
ised 


PARAMETER TEST CONDITIONS 
I; = 10 mA, law = 10 mA, 
fr, Reverse Recovery Time ine = TA, R,=100 0 


NOTES: 1, This valve applies for tp < 8.3 ms, duty cycle < 50%. Above 25°C, derate tinearly to 150°C free-air tempersture at the rate of 1.8 mA/deg. 
2. This value applies for a one-second square-wave pulse with the device at nonoperating thermal equilibrium immediately prior to the surge. 
3. Derate finearly to 150°C free-oir temperature at the rate of 2 mW/deg. 
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TYPE TID45 
SILICON SWITCHING DIODE 


BULLETIN NO. OL-S 7311242, JULY 1969—REVISED MARCH 1973 


DESIGNED FOR USE IN VIDEO AND COLOR PROCESSING CIRCUITRY OF TV RECEIVERS 
WHERE LOW CAPACITANCE AND HIGH BREAKDOWN VOLTAGE ARE REQUIRED 


@ §=Color Killer @ Gated AGC Amplifier 
@ Color-Phase Comparator @ Blanking Restorer 
@ AFC @ Video Clamp 


mechanical data 


Double-plug construction affords integral positive contacts by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


CATHODE END IS DENOTED BY COLOR BAND 


2320 
0.085 MAX DIA. 0.180 
(LZZZLLL PT LLLZZZA 
<___—— | i. — 4 


7 
CLLLSTLLLTLLLLL LO te 
t 0.050 MAX 
S8E NOTE 
0.220 MAX 
1.0 MIN Te 


DIMENSIONS ARE IN INCHES 
NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD IS UNCONTROLLED 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Peak Reverse Voltage . . Beenie eed ee La wi ROR et te, wh Sel ae ae @. ee 2 250 
Peak Surge Current, One Second (See Note 1) Stee bee Teh herd Je ae we eo 3 eee eo oe ae a SOO0.MA 
Peak Surge Current, One Microsecond (SeeNote1) .... Wins TRG te LE aah eee 2A 
Continuous Power Dissipation at (or below) 25°C Free-Air Tenoeratute (See Note 2). soe ee ee ew ee 250 mW 
Storage Temperature Range .. . sie te. 2 Es Be ke ee eae se - 2 S68 E'10:200°C 
Lead Temperature 1/16 Inch from Case for 2 Siconds® sie SE Seton et Nir oo ee ly ORs ASS, Sos BOE 


NOTES: 1. These values apply for the specified square-wave pulse with the device at nonoperating thermal equilibrium immediately 
prior to the surge. 
Bl 2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curve, Figure 5. 


Sa a LT I LE BE I PI FS) 
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TYPE TID45 
SILICON SWITCHING DIODE 


electrical characteristics at 25°C free-air temperature 


ay twnteaonmvone | igre | 
Static Reverse Current VR = 200 V 


'R 
ee ee 
"ft 


Small-Signal Forward Resistance IR=10mA, Ip= 1 mA, 
f=1kHz 


operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


t, Reverse Recovery Time ip = mA, 
See Figure 1 
% 


lp =10 mA, 
o} Stored Charge See Figure 2 and Note 3 


NOTE: 3. Stored charge is measured in accordance with JEDEC Suggested Standard No. 1 (June, 1966), using the test circuit of 
Figure 2. 
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TYPE TID45 
SILICON SWITCHING DIODE 


Adjust amplitude 
for bry = 10 mA 


INPUT VOLTAGE WAVEFORM 


NOTES: 


b. 


PARAMETER MEASUREMENT INFORMATION 
0.05 uF D.U.T. 


TEST CIRCUIT 


OUTPUT CURRENT WAVEFORM 
NOTES: @. The input pulse is supplied by a generator with the following characteristics: Zoyy = 50 9, t, [0.26 ns, tp #500 ne. 


The output waveform is monitored on an oscilloscope with the following characteristics: t, < 0.35 ns, Zin = 50 2. 


FIGURE 1 — REVERSE RECOVERY TIME 


0.035 uF D.U.T. "A" Dy (Note f) 


Pulse 
Generator 
(Note a) 


0,005 uF 45 (Note g) 


6V-o- 220 2 Dy (Note e) 
STL war's 
5 f 
005 uF (Note b) 
—V; (Note c) +f V2 (Note d) 


. The input putse is supplied by a generator with the following characteristics: Zour ™ 10 2, t(1% to 50%) <5 ns, 


tp = 50 ns. 


. 14 is the reading of the meter with zero voltage across the diode under test (hence zero current through the diode under 


test). | is the reading of the meter when the specified forward current (10 mA) flows. 
V1 is adjusted for l— = 10 mA. 


. Vg is adjusted so that the voltage between point A and ground is —0.6 V when the diode under test is conducting 


forward current. 
The stored charge of diode Dy is small compared to the stored charge of the diode under test. 
The reverse recovery time of diode Do is short relative to the 50-ns Input pulse. 


The resistance of the current meter is sufficiently low that doubling it does not affect the reading by more than the 
required accuracy. 


FIGURE 2 — STORED CHARGE TEST CIRCUIT 
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TYPE TID45 
SILICON SWITCHING DIODE 


TYPICAL CHARACTERISTICS 


TEMPERATURE COEFFICIENT OF STATIC FORWARD VOLTAGE 
vs 
STATIC FORWARD CURRENT 


STATIC FORWARD CONDUCTION CHARACTERISTICS 


1000 0 gee =e 10 
< 10 a 
E é 
i 2S. COMl 
: LT 
5 19 3 é 4 
: ee 
oz a 
Za 23 AI 
j oP LU 
' a8, TIPS. 
& BE ie 
: | 
uw 
im 
0.01 1 Ban! 
0.01 0.04 0.1 04 1 4 10 40 100 
Ve — Forwerd Voltage — V te — Forward Current — mA 
FIGURE 3 FIGURE 4 
THERMAL CHARACTERISTICS 
DISSIPATION DERATING CURVE 
= 
E 
| 
; | 
€ 
3 
£ | 
* 
2 
a 
Tay — Free-Air Temperature — °C 
FIGURE & 
(Ve @ 150°C)—(Vp @ —55°C) 
NOTE 4: Temperature coefficient, aye, is determined by the following formula: aye = ———o’cltusse) . | 
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TYPES 11D135, T1D136, TID139 THRU TID144 
SILICON DIODE ARRAYS 


BULLETIN NO. DL-S 7311707, APRIL 1972—REVISED MARCH 1973 


LOGIC AND CORE-DRIVER DIODE ARRAYS 


For Application With 


@ Magnetic Cores e Plated-Wire Memories 

e = Thin-Film Memories @ Decoding or Encoding Applications 
For Use tn 

e Airborne Computers e Military Computers 

e Industrial Computers e@ Peripheral Equipment 


description 


These diode arrays are multiple diode junctions fabricated by a planar process and mounted in integrated circuit 
packages for use in logic and core-driver applications. These arrays offer many of the advantages of integrated circuits 
such as high-density packaging and improved reliability. These advantages result from such factors as fewer connections, 


more uniform device parameters, smaller size, less weight, fewer glass-to-metal seals, and the elimination of pressure 
contacts and whiskers. 


These arrays are available in heremtically sealed welded flat packages (F) or in dual-in-line plastic packages (N). 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


FLAT PACKAGE DUAL-IN-LINE PACKAGE 
TOTAL TOTAL 
A 10D EACH DIODE 
PACH DIODE _loevice | excHoione |rorat 


TID135N | TID136N 
TID139F | TIDI40F| ALL |T1D139N] TID140N 
TID141F | TID142F | TYPES |T1D141N| TID142N | TYPES 
TID143F | T1D144F TID143N] TID144N 


16-DIODE ARRAY 

7 INDEPENDENT DIODES 

OUAL 4-DIODE ARRAY (COMMON CATHODE) 
DUAL 4-DIODE ARRAY (COMMON ANODE) 


ip iy 
r 
rc 


r= 
< 2 
4 


Peak Reverse Voltage (See Note 1) 
Steady-State Reverse Voitage, VR 
Continuous Forward Current at (or below) 
25°C Free-Air Temperature (See Note 2) 


Peak Forward Current at (or below) | soot 
25°C Free-Air Temperature (See Notes 1 and 2) 
= eee 
a ae ee Se] 
Continuous Power Dissipation at (or below) Ea 
25°C Free-Air Temperature ees mai 
Operating Free-Air Temperature Range 


Storage Temperature Range 
Lead Temperature 1/16 Inch from Case for 10 Seconds | Cl OHC—“‘CCSCO*dCS 


400t 


8 
ra) 
= 


Peak Surge Current (See Note 2) 


° 
a 


a 
8 
Qo 
° 


° 
ie) 


NOTES: 1. These values apply for ty = 100 us, duty cycle < 20%. 


2. These values apply for the specified square-wave pulse with the device at nonoperating thermal equilibrium immediately prior to 
the surge, 


t Derate linearly to 150°C free-air temperature at the rate of 2.4 mA/*C. 
¥ Derate linearly to 125°C free-air temperature at the rate of 4 mA/°C. 
§ Derate linearly to 150°C free-air temperature at the rate of 4 mA/’C. 
{Derate linearly to 125°C free-air temperature at the rate of 5 mA/°C. 
°Derate linearly to 150°C free-air temperature at the rate of 4 mW/°C. 
Derate linearly to 125°C free-air ternperature at the rate of 6 mW/C. 
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TYPES TID135, TID13G, TIDI39 THRU TID144 
SILICON DIODE ARRAYS 


ORDERING INSTRUCTIONS 


TID135 and TID136 diode arrays are available in the 
plastic dual-in-line package (outline N) and TiD139 
through T1D 144 diode arrays are available in both the 
N package and the hermetically sealed metal flat 
package (outline F). Orders for these arrays should 
include the package outline letter (F or N) at the end 
of the type number. 


METAL FLAT PACKAGES 


TID139F, TID140F 
7 INDEPENDENT DIODES 
14-PIN PACKAGE 


©) OO®o® 


(4) ) O® @ 


TIO141F, TID142F 
DUAL 4-DIODE ARRAY (COMMON CATHODE) 
10-PIN PACKAGE 


QAOOO OODO® 


TID143F, TID144F 
DUAL 4-DIODE ARRAY (COMMON ANODE) 
10-PIN PACKAGE 


OXOLOIGMOZOIOIO 


PLASTIC DUAL-IN-LINE PACKAGES 


TID135N, TID136N 
16-DIODE ARRAY 
14-PIN PACKAGE 


(4) 
0) @O® ® No internal connection 


TID139N, TID140N 
7 INDEPENDENT DIODES 
14-PIN PACKAGE 


@) OZOTOFO 


(4 OXOTOTO 


TID141N, TID142N 
DUAL 4-DIODE ARRAY (COMMON CATHODE) 
14-PIN PACKAGE 


™QQOOO OOQV® 


® © @ No internal connection 


TID143N, TID144N 
DUAL 4-DIODE ARRAY (COMMON ANODE) 
14-PIN PACKAGE 


OOOO OOU0@ 


@® © ©) No internal connection 
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TYPES 11D135, TID136, TIDI39 THRU TID144 
SILICON DIODE ARRAYS 


electrical characteristics at 25°C free-air temperature 


single-diode operation (see note 3) 


PARAMETER 


V(BR) Reverse Breakdown Voltage 


Static Reverse Current 


TEST CONDITIONS 


tr 


Va=20V -—] 
| 
Poteet 


Vp Static Forward Voltage Ef 
VE instantaneous Forward Voltage| If = 500 mA, See Note 5 


VEM Peak Forward Voltage Ip = 500 mA, See Note 6 [ss | 


multiple-diode operation 


PARAMETER 


tr Static Reverse Current 
Ve Static Forward Voltage 


switching characteristics at 25°C free-air temperature 


ALL 
TYPES [UNIT 


TEST CONDITIONS 


= 
Bg | 


VR = rated Vp, See Note 7 
Ip = 25 mA, See Note 7 


single-diode operation (see note 3) 


TID139 TID140 | TID135 TID136 
PARAMETER TEST CONDITIONS TID141 TID142 | TID143 | TID144 
\-= A, See Fi 3 
tr Forward Recovery Time Eee = eee bats 
te = 500 mA, See Figure 3 


Ip =10MA, IRM =10MA, Re = 1002, 
ipp = 1 MA, See Figure 4 


ter Reverse Recovery Time 
Ip = 200mA, IRM = 200 mA, Ry = 1002, a 
igg = 20MA, See Figure 4 


NOTES: 3. Test conditions and limits apply separately to each of the diodes. The diodes not under test are open-circuited during the 
measurement of these characteristics except for the measurement of IR On arrays having both common-cathode and 
common-anode diodes (see Figures 1 and 2). 

4. For arrays having both common-anode and common-cathode diodes see Figures 1 and 2, Parameter Measurement Information 
section, 

5. This parameter is measured using pulse techniques. tw = 300 us, duty cycle = 2%. Read time is 90 us from the leading edge of the 
pulse. 

6. The initial instantaneous value is measured using pulse techniques. ty, = 150 ns, duty cycle < 2%, puise rise time < 10ns. The 
total capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. 

7. These parameters are measured with each of the other diodes in the section simultaneously conducting 25 mA forward current. 
Each diode is individually tested after the device reaches operating thermal equilibrium, Test canditions apply separately to 
common-anode and common-cathode sections. 

toy is the total pin-to-pin capacitance measured across any of the diodes. For arrays having both common-anode and common-cathode 

sections, the interaction of the other diodes cannot easily be separated out unless three-terminal guarded measurement techniques are used. 
The actual capacitance of a single isolated diode will typically be 30% of the measured pin-to-pin value for the common-cathode diodes, and 
75% of the measured value for the common-anode diodes. 


LS SS SS sie eee ees 


10-92 TEXAS INSTRUMENTS 


(INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


373 


TYPES TID135, TID136, TID139 THRU TID144 
SILICON DIODE ARRAYS 


EE eee 
PARAMETER MEASUREMENT INFORMATION 


When measuring the reverse current of an individual diode of a device having both common-anode and 
common-cathode sections, the current meter must be placed so that the shunt current through the other diodes is 


bypassed around the meter. To obtain accurate readings, the voltage drop across the current meter must be fess than 
10 mV. 


SHUNT CURRENT 


SHUNT CURRENT 


FIGURE 1-TEST CIRCUIT FOR 
COMMON.-CATHODE DIODES 


FIGURE 2—TEST CIRCUIT 
FOR COMMON-ANODE DIODES 


Adjust for 
specified If 


INPUT 


102 
INPUT OUTPUT 


D.U.T OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 3-FORWARD RECOVERY TIME 


NOTES: a. The input pulse is supplied by 8 generator with the following characteristics: tr < 15s, Zout = 502, ty = 150ns, duty 
cycle = 2%. 


b. The output waveform is monitored on an oscilloscope with the following characteristics: t; < 4.5 ns, Rin 21M, Cin <5 PF. 


nan RnRenn 
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TYPES TID135, TID136, TID139 THRU TID144 
SILICON DIODE ARRAYS 


PARAMETER MEASUREMENT INFORMATION 


0.05 uF D.ULT. 
INPUT OUTPUT 
| | 6kQ 1.2 mH 
0 + 
Adjust amplitude 0.001 uF Adjust for 


for specified If specified IRM 


INPUT VOLTAGE = 


WAVEFORM TEST CIRCUIT 


| 
' 
| 
i 
! 
| 
° irr ~ el 
OUTPUT CURRENT WAVEFORM 


FIGURE 4—REVERSE RECOVERY TIME 


NOTES: c¢, The input pulse is supplied by a generator with the follawing characteristics: t¢ <1 ns, Zour = 50 2, tw = 200ns, duty 
cycle & 1%, 
d, The output waveform is monitored on an oscilloscope with the following characteristics: t, < 0.4 ns, Rin = 50 Q. 


TYPICAL CHARACTERISTICS 


TID135, TID139, TID141, TID143 TID136, TID140, T1D142, T1D144 
FORWARD CONDUCTION CHARACTERISTICS FORWARD CONDUCTION CHARACTERISTICS 


1000 


400 
< 100 t 
E i 
4 40 e 
5 2 
ao i 
<£ 3 
6 10 = 
z S 
6 uw 
a | 
u 1 = 

| 04 = 
0.1 t 
0 02 04 06 08 1 #212 14 «21.6 0 02 04 06 08 1°12 414 «1.6 
vF—Instantaneous Forward Voltage—V vF—Instantaneous Forward Voltage—V 
FIGURE 5 FIGURE 6 


NOTE 5: This parameter is measured using pulse techniques. tw = 300 us, duty cycle = 2%. Read time is 90 Ms from the leading edge of the 
pulse. 
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TYPES TID135, TID136, TIDI39 THRU TID144 
SILICON DIODE ARRAYS 


MECHANICAL DATA 


F flat packages 


These hermetic packages feature glass-to-metal seals and welded construction in 10-pin and 14-pin configurations. 
Package body and leads are gold-plated F-151 glass-sealing alloy. Approximate weight is 0.1 gram. All external surfaces 
are metallic. Devices are shipped mounted in a Mech-Pak carrier. 


@©OOOOO ,_, 
foo} zriaces 


an Nowe 


ois 
ane 


OODOOOO 


Falls within TO-89 dimensions Falls within TO-84 dimensions 


NOTES: a. All dimensions in inches. 

. Lead centertines are located within +0.005 of their true positions 
relative to body centerlines. This is measured along lines located 
within 0.030 from (and parallel to) the sides of the package. 

. Not applicable in Mech-Pak carrier 


N plastic dual-in-line packages 


The compound used to mold the dual-in-line packages will withstand soldering temperature with no deformation and 
circuit performance characteristics remain stable when operated in high-humidity conditions. These packages are 
intended for insertion in mounting-hole rows on 0.300-inch centers. Once the leads are compressed to 0.300-inch 
separation and inserted, sufficient tension is provided to secure the package in the board during soldering. The 
silver-plated leads require no additional cleaning or processing when used in soldered assembly. 


0.033 IN 
14 PLACES 


0.on + 0.003 
V4 PLACES Epona 
14 PLACES 
a KS 


PIM SPACING 0.100 TF 
{See Note a) 


Falls Within JEDEC TO-116 ana MO-001AA Dimensions 


. The true-position pin spacing is 0.100 between centertines. Each 
pin centerline is located within +0.010 of its true longitudinal 
position. 

. All dimensions are in inches unless otherwise noted. 


¥rF-15 ig tha ASTM designation for an iron-nickel-cobalt alloy containing nominally 53% iron, 29% nickel, and 17% cobalt. 
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TVR Steady State Reverse Voltage from 25°C to 75°C 


TYPES TID381 THRU TID385 
SILICON RECTIFIERS 


BULLETIN NO. DL-§ 7311963, MARCH 1973 


50-600 VOLTS e 1 AMP AVERAGE 
@ Rugged Double-plug Construction 


@ Hermetic Case 

@ 50-Amp Surge Rating 

¢ TID383 thru T1D385 Electrically Similar to 1N4383 thru 1N4385 (DO-29) 
description and mechanical data 


These one-amp rectifier diodes are the product of combining the best of both silicon material processing and packaging 
technologies. The silicon die is a mesa oxide-passivated structure which has additional nitride passivation and glass 
passivation over the junction. Years of volume production have shown the double-plug package to have the highest 
inherent mechanical integrity of all hermetic-case diodes. Hot-solder-dipped leads are standard. 


ALL JEDEC DO-41 DIMENSIONS AND NOTES ARE APPLICABLE 


0.107 


0.060 DIA 1 90 ae 
Ylléuéi06«0zM5Hz 

ee es || ee 

CMLL) 


(SEE NOTE) 
1.10 MIN 9705 1.10 MIN 


ALL DIMENSIONS ARE IN INCHES 


CATHODE END 
1S DENOTED BY 


NOTE: Within this zone lead diameter A. COLOR BAND 


is uncontrolled, 


“absolute maximum ratings at specified ambientt temperature (unless otherwise noted) 


Vv Peak Reverse Voltage from 
RM ~65°C to 175°C (See Note 1) 


lo Average Rectified Forward Current from a sees Fs 
25°C to 100°C (See Note 1 and 2) 
rat Renee aes aaa Aen 
at (or below) 100°C (See Note 3) 
| Cc | 
pe | 


sta torage Temperature Range —65 to 200 
Lead Temperature 3/8 Inch from Case for 10 Seconds | lr. ClUOHHSCSC“‘C(‘#OCS(’’’N’NCNY LY % 


2. This rectifier is a lead-conduction-cooled device. At {or above) ambient temperatures of 100°C, the lead temperature 3/8 inch 
from case must be no higher than 5°C above the ambient temperature for these ratings to apply. 

3. These values apply for 60-Hz half sine waves when the device is operating at (or below} rated values of peak reverse voltage and 
average rectified forward current. Surge may be repeated after the device has returned to Original thermal equilibrium. 


tthe ambient temperature is measured at a point 2 inches below the device. Natural air cooling is used. 
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TYPES TID381 THRU TID385 
SILICON RECTIFIERS 


electrical characteristics at specified ambientt temperature 
[PARAMETER —SOS™~—~‘“SCSYSSCSCSC*C*CSTEESTICONDITINS, [MAX | UNIT | 


[meee ea ere ad | 

[Vas Rated VR, Ta=ie'e _—_—| 260 | 

ae ee, Ll =| 
piaj iv 
EEs 


Ve Static Forward Voltage ip =1A, Ta = 25°C to 100°C 


Vem Peak Forward Voltage he alg VAM: Decne 


THERMAL INFORMATION 


FORWARD CURRENT DERATING CURVE 


eas EE 
hree-Phase Wye 


IE (ay) -Maximum Average Forward Current Per Device—A 


Ta—Ambient Temperature—°C 


FIGURE1 - 


| NOTE 2: This rectifier is a lead-conduction-cooled device. At (or above) ambient temperatures of 100°C, the lead temperature 3/8 inch from 
case must be no higher than 85°C above the ambient temperature for these ratings to apply. 
tthe ambient temperature is measured at a point 2 inches below the device. Natural air cooling is used. 


EE 
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TYPES TID777, TID778 
SILICON SWITCHING DIODES 


BULLETIN NO, OL-S 7311745, JANUARY 1973 


10-98 


VERY-HIGH-SPEED SWITCHING DIODES 


@ Pico-Second Switching Times 
@ Small-Size, Double-Plug Construction 
e Very Low Junction Capacitance 


mechanical data 
Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 


stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


ALL JEDEC DO-35 DIMENSIONS AND NOTES ARE APPLICABLE 


CATHODE END IS DENOTED 


DIMENSIONS ARE IN INCHES 
NOTE WITHIN THIS ZONE DIAMETER OF EACH LEAD iS UNCONTROLLED BY COLOR BAND 


oumer 


is: ee L Ye 9070 + o007 CIA 
Wi, * 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Working Peak Reverse Voltage 
Average Rectified Current (See Note 1) 


Peak Surge Current, One Second (See Note 2) | _250—~Ct—=*”F 


Continuous Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 


Storage Temperature Range : —65 to 175 
Lead Temperature 1/16 Inch from Case for 10 Seconds a a 


NOTES: 1. This vatue may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. 
2. This value applies for the specified square-wave pulse with the device at nonoperating thermal equitibrium immediately prior to 
the surge. 
3. Derate linearly to 150°C free-air temperature at the rate of 2 mW/"C, 
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TYPES TID777, TID778 
SILICON SWITCHING DIODES 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN MAX | 


V(gR) Breakdown Voltage 


TID777 TID778 


Vv 


Va=20V pee fe eae one 
Va=20V, Tantere |__| 100] 


'R Static Reverse Current 


Ve Static Forward Voltage 


~ 
[le=10uA  f0.42 0.83 [0.42 0.53 | 
v 


Ip =10mA, IRM = 10mA, 
try | Maximum Reverse Recovery Time ip = IMA, RL = 1002, 
See Figure 1 


PARAMETER MEASUREMENT INFORMATION 


OL6 FF D.U.T. 
INPUT (6) 


Adjust for 
Ip =10mA 


TEST CIRCUIT 
0 
Adjust for | | = iy 
inm = 10mA 
iru 
—ol th le 
INPUT VOLTAGE WAVEFORM OUTPUT CURRENT WAVEFORM 


FIGURE 1—REVERSE RECOVERY TIME 


a, The input pulse is supplied by a generator with the following characteristics: t; < 0.25 ns, Zoyt = 50 2, ty = 100ns, duty 
cycle < 1%. 
b. The output waveform is monitored on an oscilloscope with the following characteristics: t, < 0.4 ns, Rj, = 50 2. 
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SERIES TIDM100, TIDM200 
SILICON DIODE MATRICES 


BULLETIN NO. DOL-S 7311434, JANUARY 1971—REVISED MARCH 1973 


MONOLITHIC DIODE MATRICES 


For Application As 


@ Programmable Read-Only Memories e Frequency Generators 
e Aiphanumeric Character Generators e Logic Interface Circuits 
For Use In 
e CRT Displays e Peripheral Equipment 
© Minicomputers e Solid-State Memories 


description 


These monolithic dielectrically isolated diode matrices are fabricated using epitaxial techniques. The desired matrix 
patterns are programmed by selectively opening the fusible link in series with each diode. This may be done by the user 
by following the fusing procedure described herein, or custom-programmed matrices may be ordered by sending in a 
schematic diagram with circles around the diodes to be deteted. Automatic equipment at Texas Instruments can provide 
instantaneous code-pattern customizing of devices. Only unprogrammed matrices will be symbolized with the type 
numbers shown in the table below. Circuits custom-programmed to a particular pattern will be assigned a special device 
number by Texas Instruments, and this number will appear on the device. 


Both the high-speed Series T1DM100 and medium-speed Series T1DM200 matrices are available in hermetically sealed 
metal flat packages (F) or ceramic dual-in-line packages (J). 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


5 X 5 MATRICES TIDM255 
6 X 6 MATRICES TIDM266 
6 X 8 MATRICES TIDM268 
8 X 5 MATRICES 
8 X 6 MATRICES 

Peak Reverse Voltage (See Note 1) 


Steady-State Reverse Voltage, VR 


Peak Forward Current per Diode at (or below) 25°C Free-Air Temperature (See Note 1) 


Continuous Power Dissipation at (or below) 25°C Free-Air Temperature (See Notes 2 and 3) 


1 0 Operating Free-Air Temperature Range 
Storage Temperature Range 


Lead Temperature 1/16 Inch from Case for 10 Seconds 


NOTES: 1. These values apply for 100-ys pulses, duty cycle < 20%. 
2. The values shown for total device apply for any combination provided the ratings of individual diodes are not exceeded. 
3. Derate tinearly to 150°C free-air temperature at the rate of 3.2 mw/?c. 
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SERIES TIDM100, TIDM200 
SILICON DIODE MATRICES 


ed Peal Peal Peal Peal aad 
HA PALA 
Pia 
2 FAP Pallaleg 
gt et eae 
oe AE 
a fea aad 
oh ALA ALALA 


SNid JOOHLVO 


MAA AAA 
ot A AAA AAA 


TIDM186, TIDM286 8 X 6 MATRICES 
one awe. 


SNid SQOHLVD 


TIDM155, TIDM255 5 X 5 MATRICES 


circle the 


VA AAA Lo 
A ALAA 


circuits, 


AAA AA 
CC 
AAA AAA AA | 
OM AAAAAAL 

oe AAA 


CUSTOMIZED CIRCUITS 
stom programmed 


diodes to be elimated in the appropriate schematic as 


shown in the example below. 
jake no external conn 
TIDM185, TIDM285 8 X 5 MATRICES 


To order custo rogra 


SNIid AGOHLVS 


SNid JOOHLVS 
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SERIES TIDM100, TIDM200 
SILICON DIODE MATRICES 


electrical characteristics at 25°C free-air temperature 


MIN TYP _MAX|MIN TYP MAX 


\ Static Reverse Current 
R (with Adjacent Diode Conducting) 
Ve Static Forward Voltage 


SERIES TIOM100_| SERIES TIOM200 


Total Capacitance between 
Cr Any Anode Terminal and VR =SV, f= 1MHz 
Any Cathode Terminal 


switching characteristics at 25°C free-air temperature 


SERIES TIOM100 | SERIES TIDM200 
TION: NIT 
PARAMETER TEST CONDITIONS MIN TYP M MIN TYP ul 


Ip =10mMA, IRM = 10 mA, 
ter Reverse Recovery Time R_ = 10022, ire = 1 mA, 
See Figure 2 


PARAMETER MEASUREMENT INFORMATION 


D) ANODE 
COMMON (‘) —5 V CONNECTION 
CATHODE D2 ANODE 
CONNECTION 
Toma CONNECTION 


NOTE: D1 and D2 are any two adjacent diodes with a common cathode connection. 


FIGURE 1 


0.05 uF O.U.T. 
INPUT ©) 
0 aie 
Adjust amptitude Adjust for 
for Ip = 10mA Inm = 10 mA 


INPUT VOLTAGE 
WAVEFORM TEST CIRCUIT OUTPUT CURRENT WAVEFORM 
FIGURE 2—REVERSE RECOVERY TIME 


NOTES: a. The input pulse is supplied by a generator with the following characteristics: tg < 1 ns, Zoye = 50 2, ty, = 200 ns, duty 
cycle < 1%, 
b. The output waveform is monitored on an oscilloscope with the following characteristics: ty < 0.4 ns, Rip, = 50 2. 
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SERIES TIDM100, TIDM200 
SILICON DIODE MATRICES 


FUSING PROCEDURE 


ANODE 
SELECT 


FUSIBLE 
ZLINK 


RAMP 
CURRENT 
GENERATOR 


INDICATOR 


CATHODE 
SELECT 


+V 


FIGURE 3 


A ramp current generator provides the fusing current. The diode to be eliminated is selected by setting switches $2 and 
$3. When $1 is activated to position 2, current through the fusible link opens the link in series with the selected diode. 
The peak fusing current required to open a fusible link is approximately 750 milliamperes. Switch $1 in position 1 gives 
a visual indication of the condition of the selected diode before and after fusing. 


TYPICAL CHARACTERISTICS 


REVERSE CURRENT 
vs 


FREE-AIR TEMPERATURE FORWARD CONDUCTION CHARACTERISTICS 
— — oe a 
RSS SS ES OS 
SE CE PE a 
ry ES 
a 
PT _Peta ssc 
g 7 YY 
< 
: : AZ 3 
T a ae a AS 
5 ¢ SS ee —E—E 
t 2 — AS 
S -—+— 5 ey AA 2 
8 — 1 3) LAA fpf 
5 ae zg 7 7 in a 
= : iri ee 
oc ————-7 ° 
1 ——_ uw a ee ne Sa 
pe — I SS 
_ 7 a Ft rr 
we i —— 
Lo — —— 
—— a 
—— ae ae ae 
Pe | 
i] 0.2 04 06 0.8 1.0 1.2 1.4 1.6 
Ta—Free-Air Temperature--°C Ve-Forward Voltage—V 
FIGURE 4 FIGURE 5 
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SERIES TIDM100, TIDM200 
SILICON DIODE MATRICES 


ORDERING INSTRUCTIONS AND MECHANICAL DATA 


Series T1IDM100 and Series T1DM200 diode matrices are available in the hermetically sealed metal flat package (outline 


F) or the ceramic dual-in-line package (outline J). Orders for these circuits should include the package outline letter 
(F or J) at the end of the circuit type number. 


F package 


Examples: TIDM155F, TIDM268J 


This hermetic package features glass-to-metal seals and welded construction. Package body and leads are gold-nlated 


F-154 glass-sealing alloy. Approximate weight is 0.1 gram. All external surfaces are metallic. Devices are shipped 
mounted in a Mech-Pak carrier, 


| 
fad! 


J package 


14-PIN METAL FLAT F-PACKAGE OUTLINE 


QQOOOO®D 


ae 


0.166 MIN 
{See Now c) 


0.006 MAX 
GLASS 
A PLACES. 


0.013 


ate 4 2.260 


NOTES: a. All dimensions in inches. 


b, Lead contarlines are tacatad within ‘0.005 of their true positions 
relative 10 body centerlines, This is measured stong lines lacuted 
within 0.030 from (and parallel to) the sides of the package. 

¢. tot applicable in Mach Pak carrier 


FALLS WITHIN TO-84 DIMENSIONS 


OOOOOO® 


THE DIODE MATRIX 1S DIELECTRICALLY ISOLATED FROM THE CASE 


This hermetically sealed, dual-in-line package consists of a ceramic base, ceramic cap, and 14-lead frame. The circuit bar 
is aloy-mounted to the base and hermetic sealing is accomplished with glass. This package is intended for insertion in 
mounting-hole rows on 0.300-inch centers. Once the leads are compressed to 0.300-inch separation and inserted, 
sufficient tension is provided to secure the package in the board during soldering. Tin-plated (‘‘bright-dipped”’) leads 
require no additional cleaning or processing when used in soldered assembly. . 


9.280 
0245 


0.050 NOM 


Na piaces) | 


032s \« 
20.075 
(7 PLACES) 


| 
€ € 


14-PIN CERAMIC DUAL-IN-LINE J-PACKAGE OUTLINE 


ozs 
12) 


O®ODOO® 


0.025 R NOM: 


V@OOOOO 


0.070 MAX {14 PLACES) 


5 | 
lect oleakci 


re 
OIN SPACING. 
(Seu Neto 2) 


NOTES: a. The trueposition pin spacing is 0.100 between center 
lines. Each pin centerline is located within 0.010 of its 
true longituctinat position relative to pins 4 and 11 


AN dimensions are in inches unless othurwise noted. 


9.030 MIN 
(14 PLACES) 


9923 he pacts 


OOS FALLS WITHIN JEDEC T0-116 AND 
MO-001AA OIMENSIONS 


Tr.15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 53% iron, 29% nickel, and 17% cobalt. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
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TYPES TIV21, TIV22, TIV23 
SILICON VOLTAGE-VARIABLE-CAPACITANCE DIODES 


BULLETIN NO. OL-S 7211742, JUNE 1972 


UHF TUNING DIODES 


@ Small Size, Double-Plug Construction 
e Extremely Stable and Reliable 
e Available in Matched Setst 


mechanical data 


Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


ALL JEDEC DO-34 DIMENSIONS AND NOTES ARE APPLICABLE 


GLASS 


0.020 + 0.002 DIA 
2 LEADS 


DIMENSIONS ARE IN INCHES 
NOTE: WITHIN THIS ZONE DIAMETER OF CATHODE END !S 
EACH LEAD IS UNCONTROLLED DENOTED BY COLOR BAND 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Peak Reverse Voltage 2 6 6 6 we ee ee ee ee ee 8ONV 
Continuous Power Dissipation at (or below) 25°C Free-Air Temperature (seeNote1) . . ..... . . 250mW 
Storage Temperature Range. ww ee ee ee 65°C to 150°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds ©. 1. 6 1 6 ee ee ee es 260°C 


electrical characteristics at 25°C free-air temperature 


"PARAMETER TEST CONDITIONS 


Mini: Brsekown Vateee Tastowa CS 
Va=25V 


; Ls 

: Vaeav, fei wiz es 
eh Wa=3v, f=tWae : 
SS orc [2 25[ 23 28[ 78 28] ° 


' 
Qa Figure of Merit (See Note 2) VR23V, f= 100 MHz 


om Capacitance Ratio V1=3V. V2"28V, f=1MHz 
t 


TThe capacitance of diodes in matched sete is matched at all voltages between 3 and 25 volts to within 1.8% of 0.1 pF, whichever is greater. 
For ordering matched sets, add dash number to basic part number to indicate the quantity of diodes in the set. For example, TIV21-4 
indicates a matched set of 4 diodes. 

NOTES: 1. Derate tinearly to 160°C at the rate of 2 mw/°c. 


2. Figure of Merit, Q, is defined by the equation Q = era where r, is the equivalent series resistance. 
2's 
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TYPES TIV21, TIV22, TIV23 
SILICON VOLTAGE-VARIABLE-CAPACITANCE DIODES 


TYPICAL CHARACTERISTICS 


REVERSE CURRENT FIGURE OF MERIT (Q) 
vs vs 
FREE-AIR TEMPERATURE FREQUENCY 
100 10 000 —— 
SS 
oo 
40 — 4000 See Note 2 
VR= 
a 
c o 
4 4 —— ‘5 =: 1000 : <——s=5 
Fe = i BS 
eS ae : < 
3 ; ° 400 Q Ww 
2 _——S ER ISN 
$ 04S i NX) 
Pra 77 ro) 100 KS 
re 2 = 
£& 0.1 =< 
40 I 
0.04 
| 
0.01 10 Bw 
25 50 75 100 125 
Ta—Free-Air Temperature—°C f—Frequency—MHz 
FIGURE 1 FIGURE 2 
AVERAGE TEMPERATURE COEFFICIENT 
NORMALIZED TOTAL CAPACITANCE OF CAPACITANCE 
vs vs 
FREE-AIR TEMPERATURE REVERSE VOLTAGE 


f=1MHz 
See Note 3 


25°C 


Capacitance Relative to Value at Ta 


ac—Temperature Coefficient of Capacitance—%/°C 


0.01 
0.06 
to 0.97 0.004 
—75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature~°C VR—Reverse Voltage~—V 
FIGURE 3 FIGURE 4 
1 
NOTES: 2. Figure of Merit, Q, is defined by the equation Q = Sat Gar. where r, is the equivalent series resistance. 
r 
at ; are [* @ 125°C) — (Cc, @ =e) 100% 
3. Average temperature coefficient, Qc, is determined by the formula: OO OO |) 
Cy @ 25°C 178°C 
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TYPES TIV24, TIV25 
SILICON VOLTAGE-VARIABLE-CAPACITANCE DIODES 


BULLETIN NO. DL-S 7211743, JUNE 1972 


VHF TUNING DIODES 


@ Smail Size, Double-Plug Construction 
e €xtremely Stable and Reliable 
® Available in Matched Setst 


mechanical data 
Double-plug construction affords integral positive contact by means of a thermal compression bond. Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 


plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard. 


ALL JEDEC DO-34 DIMENSIONS AND NOTES ARE APPLICABLE 


DUMET 


0.020 + 0.002 DIA. 
2 LEADS 


DIMENSIONS ARE IN INCHES 
NOTE: WITHIN THIS ZONE DIAMETER OF CATHODE END !S 
EACH LEAD IS UNCONTROLLED DENOTED BY COLOR BAND 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Peak Reverse: Voltage. <2. nc aoe See ee ewe Be ee ee ee ee eae eg, SOM 
Continuous Power Dissipation at (or below) 25°C Free-Air Temperature (see Note1) . ...... . . 250mW 
Storage Temperature Range... . —65°C to 150°C 


Lead Temperature 1/16 Inch from Case for 10Seconds . 2 2. 1. ee ee ee ee 260°C 


Vian) Breakdown Votiage CO 
[in Reverse Curent SSSCSCSCS~S~S~*d RB [00 [7100 na 


Va=3v,_1= 1M 

aes Wa=3v. T= tmz : 

Gepecitance = 2 VE Te 52_75| 42 65) ° 
Figure of Merit (See Now 2) Va=3V, _1= 100 Miz i a ea 


Cy 

Q 

at Capacitance Ratio Vi=3V, V2=25V, f=1MHz pas 6/45 | 
t2 


tThe capacitance of diodes in matched sets is matched at ai! voltages between 3 and 25 volts to within 1.5 % or 0.1 pF, whichever is greater. 
For ordering matched sets, add dash number to basic part number to indicate the quantity of diodes in the set. For example, TIV24-4 
indicates a matched set of 4 diodes. 


NOTES: 1. Derate linearty to 150°C at the rate of 2 mW/°C. 


electrical characteristics at 25°C free-air temperature 


TIV24 TIV25 
PARAMETER TEST CONDITIONS rMIN MAX|MIN MAX| 


E 


1 
2. Figure of Merit, Q, is defined by the equation Q = So alGon where Fg is the equivalent series resistance. 
t's 
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TYPES TIV24, TIV25 
SILICON VOLTAGE-VARIABLE-CAPACITANCE DIODES 


TYPICAL CHARACTERISTICS 


REVERSE CURRENT FIGURE OF MERIT (Q) 
vs VS 
FREE-AIR TEMPERATURE FREQUENCY 
10 000 


¢ ———— ” 
b J 5 1 000 
e a s 
2 a) vet 
3 LA =. 
Fd —— 2 
$ io wu 
a re | 
) a 100 
i a 
———— 40 
id en el 
————a 
ae i ee ee 
25 50 75 100 125 
Ta—Free-Air Temperature—C f—Frequency—MHz 
FIGURE 1 FIGURE 2 
AVERAGE TEMPERATURE COEFFICIENT 
NORMALIZED TOTAL CAPACITANCE OF CAPACITANCE 
vs vs 
FREE-AIR TEMPERATURE REVERSE VOLTAGE 
1.05 0.04 


25°C 


1.04 See Note 3 


1.03 
1.02 
1.01 
1.00 
0.99 


0.98 


0.97 


Capacitance Relative to Value at Ta 


ac—Temperature Coefficient of Capacitance—%/°C 


-—75 -50 -25 0 25 50 75 100 125 1 2 4 7 10 20 40 
Ta—Free-Air Temperature—°C VR—Reverse Voitage—V 
FIGURE 3 FIGURE 4 
1 
NOTES: 2. Figure of Merit, Q, is defined by tha equation Q = Sahn where r, is the equivalent series resistance. 
if 
+ (C_ @ 128°C) — (Cc, @ —50°C)] 100% 
3. Average temperature coefficient, ac, is determined by the formula: a@g = | ————-_—___,_ 5 
Cy @ 25°C 175°C 
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TYPES TIV306, TiV307, TIV308 
SILICON VOLTAGE-VARIABLE-CAPACITANCE DIODES 


BULLETIN NO. DL-S 6810196, MAY 1968 


AFC TUNING DIODES 
(Replaces TIV300 and TIV301) 
e Small Size, Double-Plug Construction 


e Extremely Stable and Reliable 
mechanical data 


Double-plug construction affords integral positive contact by means of a thermal compression bond Moisture-free 
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the glass case and the dumet 
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard 


ALL JEDEC DO-35 DIMENSIONS AND NOTES ARE APPLICABLE 


yotass 


— a 


CATHODE END IS DENOTED 
NOTE WHNN THIS TONE DIAMETER OF EACH LEAD [5 UNCONTROLLED BY COLOR BAND 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Peak Reverse Voltage . 


Continuous Device Dissipation at Ftee below) 25°C Free-Air Temperaiire 
(See Note 1) . Sts Cee ee we ew ee 6» 250 mw 


Operating Free-Air Temperature Range 


. 20V 


Cee ee ee ee eee  =O5°C to 150°C 
Storage Temperature Range. © 2 6-6 ee ee ee ee et 65°C to 200°C 
electrical characteristics at 25°C free-air temperature 
PARAMETER TEST CONDITIONS 
Vier, Breakdown Voltage Ip = 100 pA 
Ir Reverse Current Ve = 15¥ 
G Total Capacitance Ve = 4V, f= 1 MHz 
Q Figure of Merit (Note 2) | Ve = 4¥, f = 50 Miz 
a Capacitance Ratio V,=1V, ¥.=12V, f= 1MHz 
2 


\ 
NOTES: 1. Derate linearly to 150°C free-air temperature at the rate of 2 mW/deg. 


2. Figure of Merit, Q, is defined by the equation @ = 


Tete where r, is Equivalent Series Resistance, as measured on a Boonton RF Admittance Bridge, Model 
iC yt, 


33A or equivatent. 
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Sensistors’ 


TYPES TG 1/8, TM 1/8 


® 
POSITIVE-TEMPERATURE-COEFFICIENT 
sens/stor SILICON THERMISTORS 


BULLETIN NO. DL-S 7312014, MARCH 1973 


TEMPERATURE-SENSING, TEMPERATURE-COMPENSATING 


© Designed to Meet or Exceed all Electrical Requirements 
of MIL-T-23648A for Positive-TC Thermistors 


TG1/8 .. . Similar to RTH42 (MIL-T-23648A/19) 

™M1/8 ... Similar to RTH22 (MIL-T-23648A/9) 

Large Positive Temperature Coefficient of Resistance (Approx 0.7%/°C) 
Wide Resistance Value Ranges Available in + 5% or + 10% Tolerances 


mechanical data 
The TG1/8 thermistor is encapsulated in a glass, hermetically sealed package with hot-solder-dipped leads. 


The TM1/8 thermistor is encapsulated in a molded package with hot-solder-dipped leads 
0.300 
0.270 1y 


1.000 
MIN | 
2 LEADS 1 
0.020 Bes =| = 
+0.002 I 
IL 0.105 nya 


0.050 0.085 
NOTE: DIAMETER IS UNCONTROLLED 


2 LEADS 


WITHIN THIS 0.050 INCH ZONE. 


DIMENSIONS ARE IN INCHES 


Cc“ 


0.025 + 0.003 DIA 
2 LEADS 


DIMENSIONS ARE IN INCHES 


maximum ratings 
TG61/8 TM 1/8 


Power Dissipation at (or below) 25°C Free-Air Temperature (See Figures 1and2) ...... 300 mW 500 mW 
Power Dissipation at (or below) 100°C Free-Air Temperature (See Figures 1and2) ..... 125 mW = 125 mW 
Operating Free-Air Temperature Range. 6 —58°C to 125°C 
Storage Temperature Range 2 2 6 6 ee —65°C to 150°C 


electrical and thermal characteristics 


Replaces TG 1/8, TM 1/8, TM 1/4 data sheet, Bulletin No. DL-S 6910909, revised August 1969 


TEXAS, INSTRUMENTS WA 
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TYPES TG 1/8, TM 1/8 
POSITIVE-TEMPERATURE-COEFFICIENT SILICON THERMISTORS 


dissipation derating curves 


= = 
i 
s 8 

‘= 
E 5 
2 3 
a a 
S © 
= 3 
c 2 
£ = 
J 3 
£ £ 
3 s R ded 
= = ecommende 

Rating 
0 25 50 75 100 125 150 i) 25 50 75 100 125 150 
Ta—Free-Air Temperature—C Ta—Free-Air Tem perature—C 
FIGURE 1 FIGURE 2 


factors for determining nominal resistance at various temperatures 


TABLE | — TG 1/8 


TABLE I — TM 1/8 


Tempeattu 
ets eee soontsan | rexn-szkn | wanaoan 
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TYPES TG 1/8, TM 1/8 
POSITIVE-TEMPERATURE-COEFFICIENT SILICON THERMISTORS 


using tables | and It 


Factors for determining the resistance of Sensistor thermistors at temperatures other than 25°C are tabulated in Table | 
and It. To determine the resistance of a thermistor at a temperature other than 25°C, first select the appropriate table 
(Table | for TG 1/8, Table I! for TM 1/8), then select the column that is headed by the resistance range that includes 
the nominal resistance at 25°C of the thermistor in question. The resistance at 25°C of the thermistor is then multiplied 
by the factor in that column that corresponds with the temperature in question to determine the new resistance. 


EXAMPLES: Given a TG1/8221J" Sensistor thermistor whose zero-power resistance value at 25°C is 228 Q, find the 
resistance value for 75°C. The proper table is Table | and the proper column is the one headed “180 2-470 Q". The 
factor in the 75°C row of this column is 1.400, which when multiplied by the zero-power resistance value at 25°C gives 
1.400 x 228 2 = 319 © [at 75°C). 


effects of tolerances 


In the previous example a 228-ohm Sensistor thermistor is computed to have a nominal resistance of 319 ohms at 75°C. 
The actual resistance of the thermistor at 75°C may vary from the calculated value by an amount not exceeding the 
tolerances tabulated in Table (11. 


TABLE It 
RESISTANCE TOLERANCE vs TEMPERATURE 


TEMPERATURE + 10% 
e = 


*See “Part Number Designation” on last page. 


re 
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TYPES TG 1/8, TM 1/8 


POSITIVE-TEMPERATURE-COEFFICIENT SILICON THERMISTORS 


typical characteristics with power applied 


To determine resistance value with power applied, obtain a multiplying factor from the applicable curve below. The 
free-air curve is for the condition of heat removal by free-air convection only. The heat-sink curve is for the 
maximum-cooting-rate condition of a heat-sink strap, with leads attached to an infinite heat sink. Actual conditions 
encountered will be between these two extremes. After selecting an applicable multiplying factor from Figure 3 or 4, 
multiply this by the 25°C zero-power resistance. This product is then corrected for the actual ambient temperature by 


use of the appropriate factor from Table | or II. 


TG 1/8 
PERCENT RESISTANCE CHANGE 


vs 
POWER DISSIPATION 


Free-Air 
T225T 


Resistance Multiplying Factor 


She biareates arias 


TM 1/8 
PERCENT RESISTANCE CHANGE 


vs 
POWER DISSIPATION 


Resistance Multiplying Factor 


Power Dissipation — mW 


FIGURE 3 FIGURE 4 
TT is lead temperature measured 1/16 inch from the body. 
standard zero-power resistance values (ohms) at 25°C free-air temperature 
10 12 15 18 22 27 33 39 47 50 56 68 82 
100 120 150 180 220 270 330 390 470 500 560 680 820 
1000 1200 1500 1800 2200 2700 3300 3900 4700 5000 5600 6800 8200 
10000 12000* 15 000* 18000* 22000* 27 000* 33.000* 39000* 
These values apply to types TM 1/8 only. 
part-number designation 
TM1/8272K 
TM 1/8 272 K 
STYLE WATTAGE RESISTANCE VALUE CODE TOLERANCE 
™ 1/8 270 = 272 J = 5% 
TG 271 = 2702 K = 10% 
272 = 2700 2 
273 = 27 000 2 
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Solid-State 
Electronics 
Technology 

from the 

Texas Instruments 
Learning Center 
Library 


The Texas Instruments Learning Center Library 
offers a wide variety of textbooks spanning the field 
of solid-state electronics — from fundamentals for the 
layman through advanced semiconductor 
technologies. Each publication has been written by 
one or more authorities on the subject, bringing a 
completely objective viewpoint to the material. Texts 
have been carefully prepared and edited, and 
numerous diagrams and illustrations help achieve 
maximum clarity and understanding. In an industry 
as dynamic as electronics, it is important for 
engineers and technicians to keep abreast of the latest 
solid-state technologies. The Texas Instruments 
Learning Center Library will continue to be a viable 
source for this important information. 


Books may be ordered from Texas Instruments 
Incorporated, P.O. Box 3640, Dallas, Texas 75221. 
Prepaid orders (check or money order) will be sent by 
Third Class postage. Allow 4 weeks for delivery. If 
you desire shipment other than Third Class, payment 
should be included with your order along with 
specific directions as to method of shipment. Orders 
from outside the U.S. must be prepaid in U.S. funds 
only. Specify method of shipment and add postage 
or shipping charge. This amount should be included 
with book payment. 


Understanding Solid-State 
Electronics 


250 pages ¢ 168 illustrations ¢ Shipping weight 
14-0z © $2.95 


This book was created for anyone who wants to 
understand solid-state electronics, but can’t devote 
years to the study. It has been prepared for 
non-technical individuals, and tens of thousands of 
copies now in use prove its effectiveness. Engineering 
concepts and theory are explained without using 
mathematics — just some simple arithmetic. Technical 
terms are used, but each one is explained in layman’s 
language. The book is a 12-lesson, self-teaching course 
complete with quizzes and glossaries. Whether you're 
an engineer, technician, hobbyist . . . or just curious 
about what goes on inside computers, radios, 
calculators or appliances . . . this book will interest 
you. Chapter titles: What Electricity Does in Every 
Electrical System, Basic Circuit Functions in the 
System, How Circuits Make Decisions, Relating 
Semiconductors to Systems, Diodes: What They Do 
and How They are Made, The PNP Transistor and 
Transistor Specifications, Thyristors and 
Optoelectronics, Introduction to Integrated Circuits, 
Digital Integrated Circuits, and MOS and Linear 
Integrated Circuits. 
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Solid-State Electronics: 
A Basic Course 


170 pages @ 90 illustrations © Shipping weight 
1-Ib 12-0z © $9.50 


Presents the principles of semiconductors in a 
programmed-learning manner. Explains 
semiconductor behavior; describes operation and 
electrical characteristics of diodes and transistors; 
considers concept, processes and fabrication of 
integrated circuits; surveys the advantages and 
application of integrated circuits, and their future. 
Down to earth in its approach, this book can be used 
by engineers and technicians in other disciplines to 
obtain a working familiarity with the subject. Each 
chapter features a glossary and includes questions to 
answer and problems to solve. Chapter titles: 
Introduction to Semiconductors, Properties of 
Semiconductors, Preparation of Semiconductor 
Materials, The p-n Junction, The Junction Transistor, 
Characteristics and Ratings, Basic Transistor 
Amplifier Circuits, Manufacture and Testing of 
Transistors, Compound Semiconductor Materials, 
Other Semiconductor Devices, An Introduction to 
Integrated Circuits, and Trends in Integrated Circuits, 


Integrated Circuits: 
A Basic Course 


177 pages e 133 illustrations © Shipping weight 
141b 10-0z @ $9.95 


It is becoming more and more essential for engineers 
and technicians to have a basic understanding of 
solid-state electronics and integrated circuits. They 
need to be generally informed on I/C technology so 
that they can “talk the same language’’ as the 
integrated-circuits expert, and convert the full 
potential of integrated circuitry into efficient and 
profitable end equipments. This book meets this 
requirement — a ten-lesson course forming a sequel to 
Solid-State Electronics: A Basic Course. With this 
text, engineers and technicians in any industry can 
master the structures of various integrated circuits — 
digital, linear, bipolar, MOS, LSI, MSI — and see how 
they are used. Chapter Titles: The Impact of 
Integrated Circuits, Solid-State Technology, : 
Integrated-Circuit Technology, Digital Logic Circuits, 
Digital Integrated Circuits, Basic Aspects of Linear 
Integrated Circuits, Standard Catalog Integrated 
Circuits, Integrated Electronic Components, The 
Application of Integrated Circuits, and The Use of 
Integrated Circuits in Electronic Control. 


MOS/LSI Design and 
Application 


331 pages @ 270 illustrations e¢ Shipping weight 
2b 7-0z @ $18.50 


Specifically written for electronic system engineers 
and technicians, this practical volume provides 
instantly usable state-of-the-art information on one of 
the latest developments in solid-state electronics — 
MOS/LSI. All aspects of this technology, from 
principles to applications, are covered. Advances 
discussed include: N-channel device technology, 
nitrite-oxide sandwich structures, one-chip calculator, 
two- three- and four-phase shift registers, 
semiconductor memories, and much more. Major 
applications examined include inverters, static logic, 
flip-flops, shift registers, memories, and 
programmable logic arrays. This book will help 

(1) evaluate the usefulness of MOS/LSI in specific 
applications, (2) weigh the advantages of its many 
options, and (3) plan cost-effective system designs. 
Chapter titles: MOS Device Physics, The MOS 
Technology Arsenal, Reliability Aspects of MOS 
Integrated Circuits, Inverters, Static Logic, and 
Flip-Flops, Shift Registers for Data Delay, Logic, and 
Memory, The MOS/Bipolar Interface, Memory 
Applications, Programmable Logic Arrays, MOS 
Analog Circuitry, The Economics of MOS/LSI. 


ate 


Designing with 
TTL Integrated Circuits 


322 pages © 399 illustrations e Shipping weight 
2-Ib 9-0z © $18.50 


A thoroughly comprehensive and practical volume, 
the first to explore the entire family of TTL 
integrated circuits. Written for electronics engineers, 
computer designers, systems analysts and managers 
who want information on the best uses of this family 
of circuits. Covers not only design philosophy, 
economics, basic descriptions, and electrical 
performance of TTL, but also the full range of 
application of these circuits in digital systems. 
Chapter tities: Introduction to Digital Logics, Series 
54/74 Overview, Circuit Analysis and Characteristics 
of Series 54/74, Extended-Range Operation, Noise 
Considerations, Combinational Logic Design, 
Flip-Flops, Decoders, Arithmetic Elements, Counters, 
Shift Registers, and Other Applications. 


Solid-State Communications 


366 pages © 417 illustrations ¢ Shipping weight 
21b 9-0z @ $13.75 


If you’re engaged in any phase of communications 
from RF to UHF and from CQ to QC, you'll be 
interested in this book. It’s the ideal complement to 
the high-frequency design section of the very popular 
Transistor Circuit Design. Directed chiefly to circuit 
designers, it provides a detailed discussion of 
communication components for a large variety of 
applications — in industry, in the military and in 
consumer products. Devices covered include 
field-effect transistors, dual transistors, 
high-frequency silicon planar epitaxial transistors, and 
germanium planar transistors. Chapter titles: New 
Communications Devices, Dependence of Transistor y 
Parameters on Bias, Frequency and Temperature, 
Typical y Parameter Data, Power Gain and Stability 
in Linear Active Two-Ports, High-Frequency 
Amplifier Design Using Admittance Parameters 
Low-Level Operation of the 2N929 and 2N930, High 
Input Impedance Techniques, Noise Characterization, 
Transistor Gain Control, RF Harmonic Oscillators, 
Transistors in Wide-Band Low-Distortion Amplifiers, 
VHF and UHF Amplifiers and Oscillators Using 
Silicon Transistors, Causes of Noise, Transistor Noise 
Figure, Communications Circuit Applications, Device 
Nomenclature and Standard Test Circuits, Noise 
Figure Measurement, and Power Oscillator Test 
Procedure. 


MOSFET in Circuit Design 


136 pages ¢ 100 illustrations ¢ Shipping weight 
1-lb 10-oz © $11.75 


This book is a single source of information that is 
geared to the needs of the practicing engineer and 
circuit designer and is an authoritative volume that 
provides the basic principles and background required 
in MOSFET device and circuit engineering. The result 
of actual work with MOSFET devices and complex 
integrated circuits, the book has discussions covering 
basic theory and operation of MOS field effects, 
descriptive equations for device behavior, MOSFET 
usage in analog circuits and MOSFET-bipolar 
combinations, and a highly detailed description of an 
actual MOSFET complex integrated circuit. Chapter 
titles: An Introduction to the World of the MOSFET, 
Theory of Operation, MOS Characteristics and 
Equation Interrelationships, Transient Response, 
Basic MOS Integrated-Circuit Concepts, and Analog 
Circuits, 


Design and Application of 
Transistor Switching Circuits 


278 pages © 315 illustrations e Shipping weight 2-lb 
2lb © $17.50 


Engineers and technicians involved with circuit design 
and construction will find this discussion of transistor 
circuits invaluable. It details the basic mechanism of 
transistor action and shows how the elements of an 
a-c model transistor are related to the basic 
mechanism. It discusses how to select a transistor 
which has the desired electrical characteristics. Circuit 
performance of linear and non-linear circuit elements, 
the binary number system and Boolean algebra, and 
diode gates are also discussed. Technology aspects 
covered include the method of statistical design, 
principles of transistor-coupled logic stages, design of 
the emitter-coupled logic stage, and certain forms of 
flip-flop counters. Chapter titles: Transistor Physical 
Characteristics, Small-Signal Equivalent Circuit of 
Junction Transistor, Fabrication and Characteristics 
of Various Transistor Types, The Transistor as a 
Switch, The Transistor Data Sheet, Saturated-Inverter 
Design, Graphical Circuit Analysis, Emitter-Follower 
Operation and Design, Symbolic Logic, Transistors 
and Diodes as Logic Elements, Current-Mode 
Switching Circuits, Flip-Flop Circuits, Registers, 
Counters, and Diode Decoders, and Pulse-Generating 
and Pulse-Shaping Networks. 


Transistor Circuit Design 


532 pages @ 526 illustrations ¢ Shipping weight 
3-lb 4-0z © $16.50 


The most popular book ever written on 
semiconductors, discusses common problems that 
confront circuit designers, from interpretation of 
data-sheet information to design procedures for VHF 
power stages. A practical work-a-day book, it presents 
detailed design procedures for a great variety of 
circuits. Nearly 100,000 copies of this book have 
been purchased. Chapter titles: Classification of 
Junction Transistors, Device and Circuit Symbology, 
Transistor Specifications, Nature of Transistor 
Quantities, Measurement of Electrical Quantities and 
Parameters, Equivalent Circuits and Parameter 
Interrelationships, Logic Circuits, Transistorized 
Timers, High-Level Switching, Light Flashers, 
Blocking Oscillators, D-C Converters, Inverters, 
Switching-Mode Voltage Regulators, Switching-Mode 
Motor Control, Switching-Mode Servo Amplifier, 

and Digital Servo System. 


Field-Effect Transistors 


138 pages @ 137 illustrations ¢ Shipping weight 
1-Ib 10-0z © $10.00 


The first text devoted exclusively to field-effect 
transistors. It contains a comprehensive coverage of 
theory, design philosophy, and practical applications 
of FETs. Beginning with a presentation of physical 
theory based on Maxwell’s Equations, the book uses a 
lumped linear model to describe the circuit behavior 
of the FET. Much attention is devoted to detailed 
explanations of the electrical characteristics. Most of 
the typical applications for FETs are described and 
illustrated by circuit diagrams. Although the 
field-effect transistor was invented before the 
point-contact transistor, it was not a commercial 
reality until many years after, and its peculiar 
characteristics — more similar to the characteristics of 
a vacuum tube than to those of a bipolar transistor — 
are still widely employed. Chapter titles: Theory of 
the Unipolar Field-Effect Transistor, FET 
Characteristics, FETs in Low-Level Linear Circuits, 
FETs in Non-Linear Circuits, Blue Skies Dept.: The 
Power FET, Further Applications, and FETs in 
Integrated Circuits. 


Characterization of 
Semiconductor Materials 


351 pages ¢ 221 illustrations ¢ Shipping weight 
2-Ib 9-02 © $18.50 


Here in one volume are collected all the 
compositional and structural techniques presently 
applied in assessing quality throughout the many 
stages of producing semiconductor devices, from raw 
material to finished devices. Descriptions and 
evaluations of the techniques cover not only 
germanium, silicon, and the III-V compounds, but 
their surfaces, oxides, and films as well. This book is 
especially valuable to production engineers, quality 
control engineers, analytical chemists, and materials 
scientists. Chapter titles: Introduction, 
Semiconductor Principles, Bulk-Material 
Characterization, Materials Characterization in 
Single-Crystal Growth, Analysis of Single Crystals for 
Chemical Imperfections, Characterization of 
Semiconductor Surfaces, Characterization of 
Epitaxial Films, Diffusion, and Characterization of 
Thin Films. 


Circuit Design for Audio, 
AM/FM and TV | 


352 pages © 145 illustrations ¢ Shipping weight 
2-lb 8-0z © $14.50 


Design examples in this intensely practical guide have 
been chosen to suggest the broad application of the 
procedures. In the TV section, specific design 
examples are given for each major system comprising 
a TV receiver. In the AM/FM section, the stress is on 
the practical design of IF strips. Examples of both 
neutralized and unneutralized amplifiers are given. In 
the audio section, the more common coupling 
schemes for both Class A and Class B operation are 
discussed in detail along with audio design 
procedures, design examples, and derivations of the 
key equations used in audio design. Chapter titles: 
Audio Design Considerations, Class A Output and 
Driver Design Procedures, Class B Output and Driver 
Design Procedures, Class A Design Examples, Class B 
Design Examples, Audio Design Equation 
Derivations, AM IF Amplifier Design, FM Tuner 
Design, FM IF Amplifier Design, AM/FM Amplifier 
Circuit Applications, FM IF Amplifier Circuit 
Applications, UHF TV Tuners, VHF TV Tuners, 
Video IF Amplifiers, TV Automatic Gain Control, 
Video Amplifier System, Sound IF Amplifier System, 
Sync Separator, Vertical Oscillator and Sweep 
Output, Horizontal AFC and Oscillator, and 
Horizontal Driver and Sweep Circuit. 


Silicon Semiconductor 
Technology 


256 pages © 301 illustrations ¢ Shipping weight 
2-Ib 9-0z © $17.50 


If you’re a creative designer, you’re probably not 
content to just string black boxes together. You want 
the “inside story” so you can exploit the potential of 
every component. This book gives you that inside 
story — it’s the first book in the field to present 
comprehensive and authoritative discussions on every 
aspect of silicon as a semiconductor. This book is a 
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